Social factors associated with traffic generation in a metropolitan area of 75,000 population, by Janes, Robert William
H
I LLINOI S
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN
PRODUCTION NOTE
University of Illinois at
Urbana-Champaign Library
Large-scale Digitization Project, 2007.





ABSTRACT
DATA FROM AN ORIGIN-DESTINATION
SURVEY IN A MEDIUM SIZED CITY WERE AN-
ALIZED FOR RELATIONSHIPS BETWEEN HOUSE-
HOLD CHARACTERISTICS AND LOCAL TRAFFIC
GENERATION. FINDINGS SUGGESTED THAT
SOCIO-ECONOMIC TRAITS OF HOUSEHOLDS
WERE MOST HIGHLY CORRELATED WITH TRAF-
FIC GENERATION OF COMMUNITY ZONES, BUT
THE TOTAL VOLUME OF TRAFFIC GENERATED
IS APPARENTLY INFLUENCED BY A COMPLEX
OF VARIABLES ACTING IN COMBINATION.
HOUSEHOLDS SHOW A GREAT VARIATION
IN TRIP GENERATION, AND A SMALL PROPOR-
TION OF HOUSEHOLDS ACCOUNT FOR A LARGE
RATIO OF TRIPS. THUS, ARITHMETIC MEANS
ARE POOR INDICATORS OF THE CENTRAL
TENDENCY OF A DISTRIBUTION OF THE NUMBER
OF TRIPS MADE BY A SET OF HOUSEHOLDS.
TWO-VEHICLE HOUSEHOLDS PRODUCE ONLY ONE-
THIRD MORE VEHICULAR TRIPS, ON THE
AVERAGE, THAN ONE-VEHICLE HOUSEHOLDS.
INCREASE IN THE NUMBER OF TWO-VEHICLE
HOUSEHOLDS WILL NOT, THEREFORE, INCREASE
PROPORTIONATELY THE VOLUME OF LOCAL
TRAFFIC GENERATION. THE ONE-VEHICLE
HOUSEHOLDS OF A COMMUNITY SHOW A CONSID-
ERABLY GREATER VARIATION IN AMOUNT OF
TRIP-GENERATION THAN DO TWO-VEHICLE
HOUSEHOLDS. AN INCREASE IN THE PROPOR-
TION OF TWO-VEHICLE HOUSEHOLDS SHOULD,
THEREFORE, MAKE LOCAL TRAFFIC VOLUMES
MORE PREDICTABLE.
THE PATTERN OF TRAFFIC INTERCHANGE
BETWEEN ZONES OF A COMMUNITY APPEARS TO
REPRESENT A "PUSH-PULL" MODEL IN WHICH
THE PUSH IS HOUSEHOLD TRAFFIC GENERATION
AND THE PULL IS THE SATISFACTION OF
TRIP PURPOSES BY FACILITIES DISTRIBUTED
AT VARYING DISTANCES FROM HOUSEHOLDS.
REDUCTION OF THE "PUSH-PULL" MODEL TO A
FORMULA BASED ON HOUSEHOLD DENSITIES
PER SOME GEOGRAPHIC MEASURE SUCH AS
ACRES WOULD BE DESIRABLE. POSSIBILITY
OF SUCH A REDUCTION IS COMPLICATED BY
THE FACT HOUSEHOLDS WITH HIGHEST RATE
OF TRIP GENERATION ARE NOT LOCATED IN
AREAS CONTAINING THE HIGHEST DENSITY OF
VEHICLES. DISTANCE TRAVELED IN TRAFFIC
INTERCHANGE BETWEEN ZONES APPEARS TO BE
DIRECTLY PROPORTIONAL TO THE ACTUAL
NUMBER OF DISTANCES BETWEEN ALL SURVEY
ZONES. DISTANCE TRAVELED IN ALL TRIPS,
THEREFORE, APPEARS TO BE CONDITIONED BY
A PHYSICAL PRINCIPLE, WHILE THE ACTUAL
GENERATION OF TRIPS THEMSELVES APPEARS
TO BE A PRODUCT OF SOCIO-ECONOMIC DI-
MENTIONS OF HOUSEHOLDS.
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GLOSSARY
Survey area
Internal survey
Dwelling unit or
household
Student household
Non-student household
Survey zone
Vehicle trip
Internal traffic
Desire line
Central Business
District (CBD)
The land area within the city limits
of Champaign-Urbana and the adjacent
land area within a distance of ap-
proximately two miles from these city
limits.
The phase of the Champaign-Urbana
origin-destination survey by which
traffic data were secured through
interviews of a sample of residents
living in selected dwellings and
through interviews of a representative
sample of the operators of trucks,
taxis, and buses.
A group of rooms or a single room
occupied or intended for occupancy
by a family, a group of persons living
together, or a single person living
alone.
One of the sample of households based
on the student directory of the
University of Illinois.
One of the sample of households based
on the city directory of Champaign-
Urbana.
One of the many segments, approxi-
mately sixty, into which the survey
area was divided for the purpose of
describing location of households
and for aspects of analysis.
One-way travel by one vehicle between
point of origin and point of destina-
tion, normally a trip between two
zones.
Traffic having both point of origin
and point of destination within the
survey area.
A straight line drawn between the
point of origin and the point of
destination of traffic without
reference to existing streets and
highways.
The central downtown area which is
devoted almost exclusively to commer-
cial, administrative, and professional
activities. In the case of the
Champaign-Urbana survey area, there
were two such areas, downtown Cham-
paign, Zones 101 and 102, and down-
town Urbana, Zone 301
Traffic interchange
Developed acres
Socio-economic level
of zone
Cumulative scales
Guttman scale
No. 1 card
No. 2 card
Zone homogeneity
Regression analysis
Coefficient of
correlation, R
Interchange of vehicular trips between
two sections of the survey area,
normally zones.
Sections of the survey area for which
a plat showing utilities and facili-
ties has been filed with and approved
by city officials and which is shown
on the official city map as zones for
purposes such as residential or commer-
cial activity.
Estimated level of average occupation-
al and income ranking of households in
a zone -- partially reflected in
residential desirability of areas in
a zone.
Measures of the attributes of a
subject. These measures are developed
through rules for scale construction.
Example, scale of occupational level
of members of households.
A type of cumulative scale used to
measure a number of socio-economic
attributes of households described in
the present study.
The IBM punch card which contained
data on household characteristics as
gathered from the household survey.
The IBM punch card which contained
data on each vehicular trip reported
in the household survey.
The degree to which the households of
a zone were similar in respect to
measures of socio-economic attributes
such as value of residence, value of
vehicle, occupational level, etc.
Mathematical description of the
relation between two or more vari-
ables in terms of concommitant
variations about a linear definition
of the relationship.
Statistical measure of relationship
between two variables assumed to be
continuous and rectilinear. Ranges
from 1 to -1, and the closer the
value of R is to either of these
extremes, the greater the association
between the variables. Should be
employed only for a relatively large
number of cases, 30 or more.
Pearson product-moment
r or zero-order r
Coefficient of multiple
correlation
Homoscedasticity
Variance
Factor analysis
Factor loading
Orthogonal factor
Can be interpreted as R.
A coefficient of correlation which
statistically measures the variation
of several variables in combination
as it is associated with the varia-
tion in one dependent variable.
The degree to which the range of
values about the linear definition
of the regression between two
variables is uniform. Coefficients
of correlation are most accurate as
measures of association between
variables whose relation shows this
quality.
The sum of squares of the deviations
about the line of regression between
variables. Analysis of variance
constitutes a useful test of signifi-
cance of difference between various
statistical distributions.
A statistical technique for identi-
fying underlying components or
factors which may exist within a set
of intercorrelated variables. The
technique normally is applied to a
group of variables whose interrela-
tions are shown through coefficients
of correlation. Identified factors
represent patterns or combinations
of variables which are most likely
related among themselves.
The degree to which a particular
variable in a set of interrelated
variables .is associated with a
particular factor identified in this
set. The values of factor loadings
are the same as the range of values
of coefficients of correlation. The
closer the value of the loading
approaches to 1, the more important
is this variable as a component of
the factor.
The mathematical and logical inde-
pendence of a factor from all other
factors identified in an analysis
makes it orthogonal to other factors.
Such a factor would not be expected
to share a high loading on the same
variable with other factors. Orthog-
onal factors are distinguished from
"oblique" factors which are not
statistically independent of each
other.
Varimax program
Tests of significance
Ecological correlation
Ecological fallacy
A computer program devised at the
Digital Computer Laboratory of the
University of Illinois to provide
the operations necessary for a
factor analysis on the ILLIAC
Computer, Mark I.
Statistical techniques which are
used to make inferences about prop-
erties of statistical distributions,
especially likeness or difference
between them. Chi-square, the "t"
test, the F test, the Mann-Whitney
test, etc., are examples of such
tests.
Coefficients of correlation computed
on the basis of measures applying to
territorial groupings as a whole
rather than on correlations between
the cases contained within the
grouping. For example, the correla-
tion coefficient between the average
number of vehicles per zone household
and the average number of vehicular
trips per zone household is an ecolog-
ical correlation. If this correlation
were computed for each individual
household in the survey area, it would
be an individual correlation.
An ecological correlation between
variables which may be spuriously
high because allowance was not made
for the conditions represented by
the group measures used in the
correlation.

I. INTRODUCTION
A. GENERAL
This study is an exploration of the
relation between household characteristics
and local traffic generation. The source of
the data was the Origin-Destination Survey
of Champaign-Urbana, Illinois, made in the
spring of 1958. The central hypothesis of
the study was that variations in the socio-
economic characteristics of households ac-
count in a large measure for differences in
the production of traffic by the various
zones of a community. The testing of this
hypothesis involved a number of research
problems of both practical and theoretical
interest relative to understanding traffic
generation.
B. PROBLEMS OF THE RESEARCH
The practical concerns and inter-
ests of the study included first, the
question, was it possible to more precisely
define the categories of information secured
from a household survey so that these data
may be statistically correlated among
themselves? The types of categories involved
in this question are socio-economic traits of
households which might be significant for
traffic generation. A second problem in-
volved the possibility of discovering
presently unutilized social data which might
serve as a substitute for the traditional
origin-destination survey or which might, if
utilized, reduce the cost of making origin-
destination surveys. A third interest was
that of establishing a rationale for pre-
dicting future traffic volumes, both in the
subject community and in similar communities,
on the basis of anticipated changes in the
socio-economic characteristics of households.
The practical orientation of the
research also included interests in two
technical aspects of the phenomenon of traf-
fic generation in American communities. One
issue here was the question of the degree to
which the household, as defined in the
origin-destination survey, is the basic unit
of traffic generation. Secondly, there was
an interest in determining the degree to
which local neighborhoods and/or survey
zones as defined in an origin-destination
survey represent homogeneity by household in
rate of traffic generation.
The theoretical interests of this
study focused on several issues: first, to
what extent can a community be analyzed as
an interacting system in which local areas
produce and/or attract traffic according to
some predictable pattern or formula? This
was done to determine if it would be possible
to arrive at a general statement or a general
proposition which might predict the total
amount of traffic generated in certain types
of communities. A second problem pertained
to the study of indices of traffic such as
the number of trips of various lengths which
are made in an American community, with an
eye to discerning whether these distributions
appear to be consequences of specific social
or physical aspects of particular local com-
munities. The aim here is to explore the
question does traffic generation in an
American community seem to represent par-
ticular local conditions or is it a con-
sequence of some economic or efficiency
criteria applicable to many communities. If
a general proposition about traffic gen-
eration can be demonstrated, it would serve
both to predict traffic volumes and to sug-
gest rational explanations about kinds of
mass behavior in our society such as those
exemplified by the use of private vehicles
for transportation.
A final investigative interest was
in traffic generation patterns of a smaller
metropolitan community with a highly special-
ized economic base. Information on such a
community might serve to complement the well-
known studies of major metropolitan areas
such as Detroit and Chicago. The central
concern here might be described as being a
comparative interest in size and economic
specialization as major factors effecting
patterns of community traffic generation.
A secondary purpose of such a description of
traffic patterns was to provide a basis for
a future follow-up study of the Champaign-
Urbana area after the present links in the
interstate system which are being built
through the Champaign-Urbana area are
completed. If a base could be established
from the present study, a future study could
be made to examine the possible influences
of the completion of the links of the inter-
state system upon the local traffic gen-
eration patterns once the interstate con-
nections have been completed.
Major stimulus to the research of
the present study were analyses and reports
sponsored either directly or indirectly by
the Federal Bureau of Public Roads. The
principle guide to the design of this study
was the Detroit Traffic Study reported in
1955. ( )*  Many of the tables and findings
The superscript numbers in parentheses refer
to entries in Chapter VIII, References.
of the present study are intended to be
comparable to the categories used in Chapter
Five of the Detroit study. The comprehensive
study of the conditions of traffic generation
in Chicago also served to support and to give
clues to the course of the development of the
present study.(2) Other previous research
which has been important in formulating the
design and interest of this study included
that by Curran and Stegmaier, (3 ) Wynn, (4 )
Sharpe, Hansen, and Hammer. (5 ) These reports
and others like them have set the framework
of the interest in the Champaign-Urbana
research project. This project, however,
emphasizes the role of the household in the
traffic generation process and much of the
analysis is limited to the findings from the
household survey.
The aim of the present analysis,
therefore, is to come to some understanding
of basic dynamics of traffic generation in a
smaller American city. This understanding is
based on the study of certain social traits
of the trip generating population. Since the
study was sponsored jointly by the Department
of Sociology and the Illinois Cooperative
Highway Research Program at the University of
Illinois, much of the research emphasis and
many of the techniques of investigation used
herein were those which are characteristically
employed by sociologists in their studies.
Also, the findings provide grist for the
sociological mill because they contribute
understanding to one of the major areas of
mass behavior in our contemporary society;
that is, the use of the passenger vehicle.
The conclusions of the study will show that
many facets of the use of passenger vehicles
can be explained in terms of the household
and neighborhood traits of the community.
Such a relation, obviously, is both of inter-
est to a sociologist and is, to some extent,
an extension of the sociological approach to
human behavior. The fact that certain pat-
terns of traffic generation, notably the
distributions of the number of trips by
distance traveled, suggests a rational econ-
omy of familial resources is also an aspect
of human behavior with sociological signifi-
cance.
However, the major contribution of
the study in a practical or technical sense
would be in what it adds to understanding
the generation of traffic in a community.
The predictions about future traffic volumes
in our communities may be regarded as an
application of a social science explanation
of human behavior, but the basic interest
for the average traffic engineer or planner
of these findings is in how they aid the
engineering and planning functions of com-
munity road systems. It is hoped that the
report of the Champaign-Urbana study as it
deals with the types of research problems
outlined above will make such a practical
contribution to the activities necessary to
cope with the problems created by present
and future traffic generation in American
communities.
*ee
II. THE COMMUNITY AND THE 1958 ORIGIN-DESTINATION SURVEY
The site of the Origin-Destination
survey which supplied the data for the
present study was Champaign-Urbana, Illinois.
This bi-partite community consists of two
contiguous, but politically independent
cities, located in Champaign County in East-
central Illinois. It is the site of the
main campus of the University of Illinois and
this enterprise is the basic employing agency
of the community. The population of the two
cities at the time of the survey was esti-
mated at 72,000, of whom some 17,000 were
students at the University. The other com-
munity of significant size in the county is
Rantoul, site of Chanute Air Force Base.
Rantoul is located 14 miles north-east of
Champaign-Urbana. This community with its
air base personnel contained a population,
at the time of the survey, of approximately
22,000 persons.
A. COMMUNITY BACKGROUND
Champaign-Urbana is the center for
agricultural, industrial, commercial, and
transportation activities. Total industrial
employment in 1958 was estimated at 2,500.
Because of the presence of the University,
whose students are included in the present
census definition of the local population,
the community has shown one of the most rapid
rates of growth among the smaller metro-
politan areas in the state of Illinois.
The communities are located roughly
140 miles south of Chicago. They are the
point of intersection of several rail lines
and will shortly be a point of intersection
of major segments of the interstate highway
system. Interstate 74 passes through the
northern fringe of the two communities and
Interstate 57 is routed along the western
fringe. A state freeway terminating with
Interstate 57 within the city limits of
Champaign is under construction to Decatur
and will probably be extended to Springfield.
As a medium-sized community, Champaign-Urbana
is a rather unusual focus of the facilities
of the interstate system.
Internally, the local street system
of the two cities has taken form according to
the traditional gridiron pattern. There are
a number of discontinuities in the street
system and other barriers to easy traffic
flow, mainly railroad tracks and crossings
and the location of the University, which is
part of the boundary between the two com-
munities. New housing developments have
extended the city limits of both communities.
The main axes of these developments have been
southwesterly and southeasterly, although the
development of the interstate system promises
to lead to new developments to the north and
west. At present, the community is served
by a series of marked state routes such as
U.S. 45 and 150 and Illinois 10. Moreover,
there is a network of unmarked routes
reaching out into adjacent areas and nearby
towns and villages.
The vehicle registration in
Champaign County at the time of the survey
was slightly less than 50,000. In general,
the ratio of county vehicular registration
to state registration has been relatively
constant since 1950. The data for regis-
tration for Champaign-Urbana were not avail-
able and this number of vehicles could not
be accurately measured over the period of a
year because of the fluctuations in the
number of students in residence who own
vehicles. Student vehicles in the spring
semester, the time of the origin-destination
survey, accounted for almost one-quarter of
all vehicles reported in the household survey,
although student-owned vehicles did not
contribute proportionately in terms of their
numbers to the total volume of local traffic.
B. CONDUCT OF THE ORIGIN-DESTINATION SURVEY
The general design of the survey
ana the tabulation of its results were
reported by the Division of Highways of the
Department of Public Works and Buildings of
the State of Illinois. (6) The design of the
survey was that normally utilized for com-
munities of this size. There were several
minor modifications as noted below.
Originally 60 zones were mapped out as the
basis of the study as shown in Figure 1. In
the actual analysis, however, only 41 of
these zones were studied because the other
19 contained either too few households or
too few households occupied by non-student
families.
The survey was made in the late
spring of 1958 under the supervision of the
district office in Paris, Illinois. It was
based on a 12.5 per cent sample of households
drawn from the city commercial directory and
from the University directory of students.
4,400 interviews with household units were
completed. Of these slightly less than
2,000 were students living in some kind of
dwelling unit devoted primarily to student
residency. The subsequent analysis of both
the internal survey data and the household
survey data showed the average number of
weekday trips to be approximately 225,000.
Internal vehicular trips accounted for
approximately 87 per cent of this total, of
which 21 per cent terminated or originated
in the Champaign Central Business District
(CBD) and 9 per cent in the Urbana CBD.
27 per cent of all internal vehicular trips
either originated or terminated in the campus
area. However, since the campus is both a
place of residence for vehicle-owning
households, as well as a trip destination,
this high proportion of traffic generated
about the campus area does not mean that the
attraction of the campus is equal to or
necessarily larger than that of the CBD's.
In terms of internal trip purposes,
29 per cent were made for work or business,
9.5 per cent for shopping, 12 per cent for
social-recreational, 8.5 per cent for school,
5 per cent miscellaneous, and 36 per cent to
homes. When these figures are compared to
the national averages for selected urban areas
as computed by Curran and Stegmaier, Champaign-
Urbana is close to the average for work,
personal business, social-recreational, and
shopping; it is above average for school and
below average for home and miscellaneous. In
general, then, it would not appear that the
presence of the University has created an
atypical situation in respect to the purposes
for which trips are made. In fact, it is
interesting to note the rather low ratio for
social-recreational trips given the large
proportion of students in the population.
This may be due to the concentration of
student recreation on the week-ends, or to the
fact that many of the student interviews came
at the end of the semester.
The interview was the basic source
of information used in this study. The
standard Manual of Instructions of the Bureau
of Public Roads was used to guide the inter-
viewers with certain modifications, including
items on the socio-economic type of the zone,
make and year of car, the length of residence
of the household, age of persons over five
years of age, and the occupation and industry
of drivers and passengers. The conduct of
the household survey followed the standard
pattern, and insofar as non-student house-
holds were concerned, only the normal dif-
ficulties in such interviews appeared. The
rate of refusal was very low, although some
difficulty was encountered because of an
apparent high rate of residential mobility in
multi-family dwellings.
The student sample constituted a
much more difficult problem in securing
interviews. One reason for this problem was
the decision to treat each separate student
listed in the University directory as an
independent household. This meant a much
larger number of interviews than had
originally been anticipated on the assumption
that the average household would contain three
or more persons. The problem was further
complicated by the fact that many students had
left school since the preparation of the
directory. With the cooperation of the
University authorities, however, arrangements
were made to interview the students at campus
locations rather than in their residences, as
student schedules made it difficult to locate
them in their residences during the day or at
other regular times. The student interviews
were completed with an acceptable proportion
of incompleted interviews due to the fact that
students could not be located.
The completed interview schedules
were processed according to standing pro-
cedures. They were coded and then forwarded
to the Springfield offices of the Bureau of
Research and Planning for punching on IBM
cards and tabulation. The original tabula-
tions and preparation of the decks of punched
cards for the household interviews were
completed in Springfield. Duplicate decks
were returned to the research projects in
Champaign-Urbana where the analyses were begun
based on new tabulations of pertinent data.
The major statistical work at the
University of Illinois campus was done at the
Statistical Service Unit using standard IBM
equipment, such as collators and sorters or
the IBM 1401. Other statistical analysis was
accomplished through the facilities of the
Digital Computer Laboratory of the University
of Illinois employing the Illiac Mark I and
the various computer programs already pre-
pared by the staff of the Laboratory. The
principal manipulations using the Illiac
computer were the factor analysis and the
computation of regression analysis.
The research operations and activi-
ties of the project were carried out by
graduate student research assistants under
the direction of the project supervisor. The
development of the project findings were re-
viewed annually by the Advisory Board and
much of the research followed the suggestions
and critiques made by the members of the
Board. The principal work of the project
took place between the fall of 1959 and the
fall of 1963. The project was one of the
three which worked with the data of the 1958
survey, and there was considerable inter-
change of findings and materials developed
by the three projects, all of which began
and concluded their work at approximately
the same dates.
* * *
III. HOUSEHOLD CHARACTERISTICS AND LOCAL GEOGRAPHIC UNITS AS CRITERIA OF TRAFFIC GENERATION
Analysis of data on local traffic
generation may call for definition of a unit
which is basic in generation of traffic in a
community. The present study assumed that
the household is such a prime traffic gen-
erating entity. Information on such basic
units may be summarized by categories of
geographic areas. For example, it would have
been possible to analyze all 4,400 records of
household interviews as independent cases
ungrouped by any geographic criterion. A
second alternative would be to group all
households by three or four rings or sectors
of the community and then analyze the dif-
ference in traffic generation by these ter-
ritorial classifications. If the first
alternative were adopted as the research
design, the findings would have emphasized
the influence which household characteristics
have on traffic generation independent of
the role of the spatial location of the
household. The second alternative, or some
modification of it, which involves classifying
households by geographical contiguity would
indicate influences by area. As a device it
introduces, however, a statistical bias
because it is a well-known fact that house-
holds in contiguous areas of most American
communities tend toward some homogeneity in
socio-economic class characteristics. This
fact implies that the households as cases in
a statistical universe are not independent
of each other in terms of the criteria for
study because both neighborhood of household
and social class of household are linked
variables. Analysis of the findings based
on the second alternative, therefore, would
compound the influence of socio-economic
class of household with the influence of the
location of the household on traffic
production.
This chapter is concerned with the
choice of study design given this range of
alternatives. Each approach was tentatively
explored as to the promise, difficulties,
and possibilities it offered. One consider-
ation which was kept in mind was that traffic
generation constitutes a practical problem
at the community level because of the
variation in the volumes of traffic generated
by geographical sectors of a community.
Therefore, a prediction of the estimated
future traffic volumes to be generated by
sectors would be most useful for the com-
munity planner and highway engineer. It
appeared that although the alternative of
grouping cases by some geographic locality
might not give as reliable theoretical in-
sights into how household traits were as-
sociated with traffic generation, this method
would give more practical understanding of
community traffic generation. This second
alternative, however, was selected only after
making a number of analyses using various
geographic classifications of the data. The
steps leading to the choice of this strategy
of analysis are discussed below.
A. SEPARATION OF STUDENT AND NON-STUDENT
DATA
The original summaries of data from
the household survey combined both the student
and non-student households. The first problem
undertaken by the project was to determine,
in respect to traffic generation, whether
these two types of households were so dif-
ferent that the student and non-student data
should be separated and analyzed independently
The student households had accounted for
almost half of the household interview survey.
Student vehicles, however, had accounted for
only about one-fourth of the number of house-
hold vehicles reported in the survey and had
generated only about one-fourth of the pas-
senger trips reported. The difference between
a student household, which normally con-
sisted of one student living either in a
residence hall, a fraternity or sorority
house, or a student rooming house, and the
non-student household, usually composed of at
least a married couple and/or other related
persons, made such a separation appear
reasonable.
A justification for such a separa-
tion was further supported by comparing the
traits of these two types of households in
respect to the coefficients of correlation of
their household characteristics with trip
generation by the household. The household
survey deck was divided into student and non-
student households and product-moment cor-
relations computed between six household
characteristics and the number of passenger
trips for both types of households. The
results of this procedure are shown in
Table 1, which compares the student and non-
student samples in terms of these same house-
hold characteristics.
In this table the difference is
marked between the two sets of households in
respect to item number 7, number of trips
generated by the household. The differences
in respect to this item suggest that these
are two kinds of populations in regard to
pattern of trip generation. It, therefore,
seemed reasonable to treat these two categor-
ies separately in analyzing the relation
between traffic generation and household
characteristics. The principal effort of the
study was devoted to the analysis of the non-
student population because it was assumed that
the findings relative to non-student house-
holds would have a greater applicability to
other communities. The student sample,
however, is of interest because of the in-
formation and insight which it gives to the
contribution of a special or institutional
population to the traffic volume of a par-
ticular community. Comment will be made on
this point later in the report.
Table 1 is of further interest
because it represents a correlation of traits
by household with passenger trip generation
by household for a whole community. The data
of this table are not classified by neighbor-
hood or survey zone. They represent levels
of statistical correlation which are secured
when household information is correlated
without being grouped by geographical
location. The significance of these total
community correlations will become clearer
when they are compared to results secured by
grouping data by zone or neighborhood within
the community.
B. SELECTING SURVEY ZONES FOR ANALYSIS
The separation of the student from
non-student households raised the question of
whether all survey zones still contained
enough non-student cases to be considered
for analysis. Although sixty zones had
originally been utilized in the design of the
household survey, in at least seventeen of
these zones too few non-student households
were drawn by the sampling procedures of the
household survey for the averages of these
zones to be used with any confidence in
statistical correlations using averages.
Also, several zones were so predominantly
student in composition that it did not seem
advisable to use them. It was finally
decided to use any zone which contained more
than ten households and in which the majority
of these households were not inhabited by
students. With these criteria forty-one
zones were selected to be analyzed as geo-
graphical areas representative of the traffic
generating potential of non-student households.
(See Tables Al - A4, Appendix A.)
The use of measures of social
characteristics of households grouped by
geographical area and correlated with the
traffic generation of the areas was the
second alternative for analyzing influence on
traffic production noted above. The measures
used were in most cases the arithmetic aver-
ages for the household in each zone. Examples
of such household traits were the average
number of persons per household, the average
number of cars per household, the average
estimated value of household structure, etc.
For several measures the percentage value for
the whole zone was used; these included the
per cent of households with vehicles and the
per cent potential trip-makers in all famil-
ies making trips. Other measures included
indices which were applied to all households
in a zone based on some trait of the zone.
For example, the estimate of the distance
of the zone from the CBD was to the nearest
of two CBD's from a central point in the zone.
One value for the house-type index and for
the occupational index was applied to each
zone. Approximately thirty such measures
which served as a summary or modal descrip-
tion of a zone in terms of characteristics of
households and their members were developed
in the course of the study, but most analysis
was concentrated on less than a dozen of these
household attributes.
It had been assumed that zones
would be largely homogeneous in respect to
household traits, especially those linked to
social class such as occupation, value of
structure, and age of vehicle. It appeared
necessary to check this assumption on the
actual data for the forty-one zones, for if
the zones were heterogeneous in respect to
household traits, the averages or indices
for the social characteristics which were
correlated with volumes of traffic generation
would not be representative of the whole set
of households. The assumption was tested by
constructing a Guttman-type scale which
showed the degree to which a zone varied
internally in respect to the combination of
measures of occupation, value of structure,
and age of vehicle. (See Appendix C for
construction of scales.) The scale of het-
erogeneity reflected the consistency of rank-
ing of a zone on these measures and the
results of this scaling procedure are shown
in Table 2.
This table contains a scale value
for only thirty-four zones, as information
on the average value of structure was not
available for seven zones. These unscaled
zones were smaller in size but were scattered
through the community so that the remaining
thirty-four would appear representative of
the total geographic range of the community.
From Table 2 almost two-thirds of the zones
appear relatively homogeneous and one-third
appear relatively heterogeneous. Thus it
might appear that it is possible to have
reasonable confidence in the representative-
ness of the averages used to describe the
attributes of the zones. The fact that many
zones are not relatively homogeneous is
found in most cases of community research
in which local areas or tracts are selected
as units of analysis. There are few cities
in which some neighborhoods are not character-
ized by mixed land uses and mixed populations.
Especially this condition is true when areas
of a city are undergoing change in land use.
In the case of the Champaign-Urbana survey,
the effort to ensure homogeneity of zones
resulted in defining a number of zones so that
they contained rather small populations.
However, as Table 2 indicates, most zones
were, in terms of selected socio-economic
attributes, relatively homogeneous.
C. CONTROLLING FOR "ECOLOGICAL FALLACY"
IN STATISTICAL CORRELATIONS
Once the zones with a non-student
population had been selected and their degree
of homogeneity determined, the next concern
was the choice of indices of these zones
which were to be utilized in the analysis.
It has already been noted that the original
plan of analysis called for the use of
measures of statistical correlation, for
example, coefficients of correlation and
factor analysis, to indicate or to suggest
the socio-economic influences in traffic
generation. The decision to use survey zones
as the primary units in the study means that
the statistical correlations which are
derived from correlating indices of survey
will be "ecological correlations.''
(7
'
8 )
The "ecological correlations" of
the present study were correlations of groups
of households represented by the zone aver-
ages of household characteristics computed
by survey zones. The variables used in the
correlations were not properties of specific
households themselves such as owning or not-
owning a vehicle, but rather properties of
a group of households such as the proportion
which own vehicles or the estimated average
value of residence. Robinson and others
have shown that error, normally in the form
of spuriously increased coefficients of
correlation between traits, can occur if the
actual statistical correlations are made in
terms of ecological variables representing
groups rather than in individual units. With
respect to the present study such an
"ecological fallacy" could possibly occur
if a coefficient of correlation were computed
between the average occupational level of
households by zone and the average number of
vehicular trips of household by zone.
Various procedures can be used
either to guard against or to detect eco-
logical fallacy in a study. In this case an
ecological unit, the survey zone, was defined
as the primary measure of traffic generation.
The decision to use survey zones rather than
separate households as the basic analytic
unit was based on the grounds that traffic,
from the very nature of the roadway system,
represents vehicular movement between geo-
graphic areas or zones within a community.
The problem in detecting ecological fallacy
was in determining whether survey zones
described in terms of household traits met
the necessary conditions. Two conditions
which may increase the possibility of eco-
logical fallacy concern (1) the heterogeneity
of the ecological units, in this case the
survey zones, and (2) the source of variance
in the dependent variables in the ecological
correlation. In respect to heterogeneity,
the data of Table 2 show that most of the
survey zones appear to be reasonably homo-
geneous in respect to socio-economic vari-
ables which are pertinent to the study. This
fact suggests that measures such as means
and percentages of the survey zones will not
reflect excessively the so-called ecological
fallacy.
A second test for detecting the
influence of this fallacy is to examine the
source of the variance in one of the signi-
ficant variables to ascertain if this source
is primarily within the units constituting
the universe of the study or if it is dis-
tributed throughout the whole universe. For
example, in the present study, is the varia-
tion in the major dependent variable, the
measure of vehicular traffic, found primarily
within the survey zones themselves, or does
it represent largely variations between
survey zones? If it is the latter case, then
survey zones would appear statistically to
be primary units in the generation of traffic
volume, and it might be possible to predict
traffic volumes from the characteristics of
zones without being subject to the ecological
fallacy. One way of testing this possibility
is to make an analysis of variance of the
relation between the average number of vehi-
cular trips for each of the survey zones and
some other average index of each zone which
is known to be typically a good predictor of
number of vehicular trips. Such a predictor
trait is the number of vehicles in the com-
munity, an item which a series of studies
have shown to be the one trait which is con-
sistently most highly correlated with the
number of vehicular trips. (When the zero-
order coefficient of correlation between the
average number of vehicles per household
and the median number of trips for the forty-
one selected survey zones is computed, its
value is 797.) This type of test is develop-
ed in Table 3.
This table shows that the amount
of variance associated with the estimated
relation between the median number of trips
and the average number of vehicles by zone
which can be attributed to differences between
the survey zones is about 2-1/3 times that
which has its source within the zones.
Furthermore, this finding is quite unlikely
to be a result of chance. The fact that this
proportion of the variance associated with
an estimated relation between vehicular trips
and another index has its source in differ-
ences between zones suggests that this zone
trait actually measures a household character-
istic in which zones differ significantly.
Had the findings of Table 3 shown that the
variance about the regression line of the
coefficient of correlation had equal sources
within the zones and between the zones, there
would have been some question as to whether
social factors influencing traffic generation
are properly described by zone averages.
D. HOUSEHOLD CHARACTERISTICS ASSOCIATED
WITH TRAFFIC GENERATION
The findings of Table 2 and 3
suggest that the ecological fallacy is not,
as far as these tests indicate, likely to
lead to spurious correlations in the statis-
tical estimation of the relation of household
traits averaged by zone to volumes of traffic
averaged by zone. Therefore, it appeared
proper to correlate the items presented in
Table 1 using the zone averages for these
measures. The purpose of this new computa-
tion of correlations was to see if it changed
the previous association to a significant
degree. A number of items for which data was
not available on the original number 1 and
number 2 cards of the household survey were
added to the matrix of items to be correlated.
These items had been compiled from various
sources after the original computations of
coefficients of correlation. They were the
median age in years of vehicle, the estimated
value of the vehicle as defined by make and
style, and the value of the residential
structure as estimated by a project studying
real estate values in the Champaign-Urbana
community. These items were added to the
original matrix of correlations and the new
matrix of coefficients of correlations is
shown in Table 4. This table also contains
an additional item, "coefficient of vari-
ability," which pertains to the value of the
residential structure. This item was used
in the measure of homogeneity of zones
reported in Table 2. As a measure of traffic
generation, the "median number of trips" by
all households for the zone was used for the
zone measure of central tendency in trips by
household because of the remarkably skewed
distribution of trips by zones which ranged
in number from approximately one to thirty.
Examination of Table 4 indicates
that the principal consequence of computing
the coefficients of correlations by zone
averages is to raise the level of the coef-
ficients originally expressed in Table 1.
The new items added to the matrix did not
show appreciably high correlations with trip
generation. They did, however, show some
statistical association with one another.
Significant differences between Tables 1 and 4
can be summarized by comparing the coef-
ficients of correlation of the items in
Table 1 Item 7 with the number of trips with
the same items in Table 4 Item 15. The
results of such a comparison are shown in
Table 5, which also includes the increase in
explained variance for these items in the
six of seven cases where such an increase
occurred.
Table 5 indicates that for all
items which showed an appreciable coefficient
of correlation with trip generation at the
household level, there was a considerable
increase of these coefficients when the
survey zone averages were used for computa-
tion. The greatest increase was for the
item "number of vehicles in the household,"
and there was a slight decrease for the item
"length of residence of household," but the
latter showed practically no association
with trip generation. In order to summarize
the findings in Table 5, the items were
ranked by size of correlation coefficients
as computed by both the household and survey
zone measures. The results of this step are
shown in Table 6.
The data in Tables 5 and 6 are
instructive of the consequences of computing
correlation coefficients from zone averages
based on household traits instead of house-
hold traits themselves. First, when the size
of the correlation coefficient of an item
with the number of trips made by a household
is compared to the size of the coefficient
computed from an index of a survey zone, in
all cases but one there is an increase in
the size of the coefficient. Examination of
the comparative rankings of these coeffici-
ents for the two computations shows, however,
that there is not an appreciable change in
rankings. It would seem, therefore, that
computing correlations based on survey zone
averages rather than on separate households
increases the value of correlations, but does
not produce an appreciable change in the
rank of association of items with measures
of traffic generation. In other words, the
items which are strongly correlated with
vehicular trips production by households
show a parallel correlation with items mea-
suring these same traits averaged by survey
zones. This fact seems to confirm the basic
research strategy of the study: to treat
the household as the fundamental unit which
generates traffic and to regard household
traits summarized or averaged by survey zones
as independent variables to be correlated
with measures of trips by zones.
E. GROUPING SURVEY ZONES FOR ANALYSIS
The fact that grouping households
by zones generally increases the amount of
variance explained by correlating household
traits with number of trips suggests that,
perhaps, grouping of zones themselves might
further add to the amount of explained
variance involved in the association of
household traits and traffic. Unfortunately,
the number of zones utilized in the
Champaign-Urbana study was so small that any
inclusive combination of them containing
enough zones and the chances of their appear-
ing in numbers large enough to be appropriate
for regression analysis based on coefficients
of correlation did not appear feasible.
Still, it did appear that some larger con-
solidation of zones for the purpose of
analyzing the association of these groupings
with production of trips would be worthwhile
to a study of socio-economic factors in
traffic generation. It had been demonstrated
that the number of vehicles was an item
closely linked with trip generation.
Therefore, it seemed likely that groupings
of zones which were contiguous and roughly
similar in vehicle ownership might give
larger units distinctively associated with
traffic generation. An approach such as
this had been used in the Chicago Origin-
Destination Survey through the use of a
series of rings concentric to the CBD with
the areas in each ring roughly equidistant
from the CBD. The Chicago study revealed
important differences by these rings in
regard to aspects of traffic generation and
to characteristics of their populations.
Thus, such a procedure appeared justifiable
with the zone data of the Champaign-Urbana
study, although it could not be related
directly to the correlations obtained with
traits at the household and survey zone
level.
The present study could not
replicate exactly the procedure of the
Chicago study partly because the Champaign-
Urbana CBD is bi-partite, as defined in the
survey, and because the shape of the com-
munity is more elliptical than circular.
Also, a sizeable area on the southern peri-
meter of the community consists of the
property of the University, and it does not
show the pattern of land use and residence
normally expected for an outermost segment
of the area of a smaller city. As a result
of these conditions, it was difficult to
construct a set of rings made up of survey
zones equidistant from the CBD as was done
in the Chicago study. It was possible,
however, to make rings consisting of con-
tiguous survey zones which were roughly
similar in respect to the proportion of non-
student households containing vehicles.
Since the number of vehicles in a zone had
been integrally related to the production of
traffic by the zone, it was assumed that rings
calculated in this fashion would show homo-
geneity in potential for traffic generation.
When the three rings which this technique
yielded were plotted on a map, Figure 2, it
was apparent that the average distance from
the CBD of the zones making up each ring was
clearly different from the other rings. The
pattern of contiguous zones roughly equal in
proportion of households with vehicles was
then plotted on a base map, and three major
groups of zones were revealed as shown.
These groupings are roughly concentric to
the bi-nodal CBD; hence, it was decided to
label them Rings I, II, and III. Household
and traffic-generating characteristics of
each of the rings were calculated by con-
solidating data for the survey zones making
up each ring with the results shown in
Table 7.
This table shows certain clear-cut
differences between the rings in respect to
household and traffic characteristics as well
as in location. Parts of Ring III are
obviously the greatest distance from the
CBD, and Ring I zones, on the average, are
closest to the CBD. The rings do not produce
vehicular trips proportionate to the number
of households contained in them. Column 7
shows clearly that when all households are
considered there is marked difference in the
average number of trips per household. This
finding is in agreement with those of the
Chicago study, however, it appears to result
from the fact that Ring III contains the
highest proportion of households possessing
vehicles. When the number of vehicular
trips per households possessing vehicles is
figured, the averages per ring are more
nearly alike and there is no clear pattern
of differences in rings by distance from the
CBD. In fact, Column 8 seems to suggest
that the average number of trips per
vehicular-owning household are remarkably
similar when compared by gross geographical
groupings such as these three rings. If
such a condition were actually the case,
trips per vehicle household would show
little variation by the spatial classifica-
tion used in an analysis. Thus, it would
seem that a study through this approach
would contribute little to understanding
socio-economic factors in traffic. One
condition which seems to be operating here
is that with an increase in the size of
geographical unit used to measure household
and traffic attributes, the unit becomes
heterogeneous in respect to these traits.
In such an instance it becomes more dif-
ficult to pin-point the influence of vari-
ables on one another.
It appeared from the data in
Figure 2 and Table 7 that viewing the con-
ditions of household traffic generation from
a larger geographical base than the survey
zone would not contribute to analytic under-
standing of the relation between the socio-
economic attributes of households and
traffic generation. The conclusion drawn
from the various findings presented in this
chapter is that indices based on the survey
zone itself are apparently the best device
for analyzing this relation.
F. SUMMARY
The problem treated in this
chapter was the choice of the basic unit of
analysis to be correlated with traffic
generation. Alternatives included separate
households, survey zone, or some combination
of survey zones. For practical reasons it
appeared in the study that some type of
geographical area would have the most
utility, because traffic volumes represent
flow of vehicles between grographic areas
linked by the roadway system. Non-student
household data was separated from student
households and the analysis was limited to
the former items. Forty-one zones were
selected for analysis, and they were examined
with respect to socio-economic attributes of
households in order to determine the degree
to which averages or other summarizing
indices actually represented zone populations
By a method of scale analysis it was cal-
culated that approximately two-thirds of the
zones were reasonably homogeneous by these
socio-economic measures.
Also treated in this chapter was
the problem of using zone averages rather
than traits of separate households which
might lead to an "ecological fallacy" involv-
ing spurious correlations. The fact of
relative zone homogeneity and the finding
that the main source of the variance in the
regression relation between number of trips
and number of vehicles was between zones,
and not within zones, suggested ecological
fallacy would not be a major consideration.
The ranking of size of correlation between
vehicular trips and other household traits
was almost the same as computed for house-
holds separately and for survey zones.
By grouping contiguous survey zones
which were similar in the proportion of
households owning vehicles, it was possible
to delineate three types of geographical
location, or rings, which varied consider-
ably in average traffic generation by all
households in the ring. These differences
appeared attributable to proportions of
households owning vehicles; the average
number of trips per vehicle-owning household
appeared almost constant by the three rings.
However, each ring displayed considerable
internal heterogeneity in household char-
acteristics and, therefore, the rings did
not appear to offer as adequate categories
as zones for analyzing the relations of
household traits to traffic generation. The
findings developed in the chapter suggest
that the statistical correlation of zone
averages of household traits with measures
of traffic generation is technically correct
and would give results pertinent to the aims
of the study. 0
IV. THE RELATION BETWEEN HOUSEHOLD CHARACTERISTICS
AND SELECTED MEASURES OF TRAFFIC GENERATION
A basic assumption of this study
was that vehicular trips in an urban com-
munity are in a large part initiated within
households and that variations in character-
istics of households might be associated with
variations in rates of traffic generation
within a community. The last chapter has
indicated ranges in rates of traffic gener-
ation in areas of Champaign-Urbana and has
proposed that indices of households sum-
marized by the survey zone are useful mea-
sures for statistical correlation with
estimates of traffic. This chapter describes
the range of traffic generation which is
statistically associated with households, and
explores certain statistical relations be-
tween characteristics of households and
measures of traffic.
Previous studies of the generation
of traffic have indicated that the number of
vehicles in a community is highly correlated
with the number of vehicular trips reported
for that community and that the number of
vehicles located within a sub-area of a com-
munity is highly correlated with the number
of trips reported as generated by the same
vehicles. The findings of the present study,
as noted in the previous chapter, indicate
that the average number of vehicles per
survey zone correlates reasonably well with
the average number of trips produced per
survey zone. All of this evidence seems to
indicate that it is the number of vehicles
and households which is crucial to the
production of trips within a community. In
one sense, however, vehicle ownership by the
household is only an intervening variable
in the production of trips by these house-
holds. The fact that a vehicle is located
in a household does not in itself account
for the degree of use of the vehicle; rather,
it is presumably some other distinctive
characteristics of households which are
associated with the decision to utilize the
vehicle.
A. NUMBER OF VEHICLES PER HOUSEHOLD
The exploration of the differences
and likenesses both in socio-economic char-
acteristics and in traffic generation of
one- and two-vehicle households is revealing
of factors entering into community traffic.
Table 8 suggests such factors.
The data of Table 8 supply some
basic information on the association of
vehicles and households as reported in the
household survey. Roughly about 15 per cent
of the households interviewed do not have a
vehicle and about the same ratio have two
vehicles. The 70 per cent of households
having one vehicle generate, as might be
expected, fewer vehicular trips per house-
hold than do two-vehicle households. It is
noteworthy, however, that the average
number of trips per vehicle for two-vehicle
households is almost one-third less than
that per vehicle for one-vehicle households.
In other words, an increase in vehicles per
household does not proportionately increase
traffic generated by those households. This
finding is significant for the strategy of
research involved in the present study which
is seeking to correlate traffic generation
by geographic area with summary indices of
the households in the area. This correlation
obviously can be confounded by variations in
the ratio of two-vehicle households in a
zone. Moreover, this finding suggests that
future increases in the number of vehicles
in a community may not proportionately in-
crease the number of vehicular trips in the
community, if the increase in vehicles
represents predominately an increase in the
number of two-vehicle households.
Another important aspect of the
results shown in Table 8 concerns the pro-
portion of all vehicular trips which repre-
sent trips made involving only the driver,
and the proportion involving driver and
passengers. Approximately two-thirds of all
vehicular trips involve only the driver, and
the remainder the driver with passengers.
This suggests something of the habits or
customs of vehicular use by members of the
household which the present study sought to
explore further. It was hypothesized that
the number of driver-only trips would be more
clearly characteristic of two-vehicle house-
holds because the presence of two vehicles
would facilitate the individual use of
vehicles by household members. The data in
Table 8 did not confirm this assumption since
there is barely a 3 per cent difference
between the two kinds of households in re-
spect to the proportion of all vehicular
trips made involving drivers only. This
finding suggests that the general pattern of
household use of vehicles is very similar
between one- and two-vehicle households
despite the appreciably greater generation
of trips by two-vehicle households. The
suggestion seems to be that there is a basic
household parameter in the ratio of collective
to individual use of vehicles in one- and
two-vehicle households.
B. PASSENGER TRIPS PRODUCED BY HOUSEHOLDS
The total participation of members
of households is, perhaps, best measured by
the total number of household members who
become involved in trip-making either as
drivers or passengers. Table 8 is based on
the unit of vehicular trips, and these find-
ings should be supplemented with information
on the range and distribution of passenger
trips by households. Especially is this
kind of information relevant in understanding
the significance of measures of central
tendency such as the arithmetic average or
median of distributions of trips by house-
holds when these measures are used to
describe the traffic production of a popula-
tion of households or are used as variables
correlation procedures. In the subsequent
analysis represented by Table 9, drivers
without passengers are classified as
passengers. This table represents the
distribution by number of passenger trips
made by one- and two-vehicle households.
The data in Table 9 provide
important findings relative to the range
in number of passenger trips made by house-
holds and to the significance of measures of
central tendency as they describe the
distribution of this range for both one-
and two-vehicle households. The table
reports the total number of passenger trips
recorded in the household survey during the
previous twenty-four hours of the day on
which the interview was held in the household.
The number of trips ranges from 0 to 40 per
household. The trips are presented as pro-
portions of all trips one- and two-vehicle
households as made by the households.
Columns 3 and 5 show the per cent of all
families in the one- and two-car categories
which made this number of trips.
A striking characteristic of the
distribution in all columns is the distinct
skewness upward in respect to number of
trips made. This tendency is clearly in-
dicated by the fact that the median and
mode of per cent of households making the
total number of trips both fall well below
the arithmetic average of this distribution.
This suggests that the use of the average,
or arithmetic mean, of the number of trips
per household is a rather poor description
of the central tendency of the range of the
total distribution of passenger trips by
household. The skewed distribution of trips
also raises questions concerning the re-
liability of findings involving statistical
correlations, since the formulae for these
findings presume a normal distribution of
the variables being correlated.
One way of stating this discrepancy
from normality of the distribution is to note
that the lowest ranking 40 per cent of the
one-vehicle households account for barely
15 per cent of all passenger trips; whereas,
the top ranking 15 per cent of one-vehicle
households account for almost 40 per cent
of trips. Such a distribution is anything
but normal especially when, as is the case
with one-vehicle households, it appears to
be continuous. The two-vehicle households
demonstrate a similar pattern, but it is
more difficult to estimate their basic
distribution because there are several dis-
continuities in the graph of their numbers
by class intervals. This tendency suggests
that two-family households may consist of
several populations in respect to character-
istics involved in the generation of pas-
senger trips, or it may be the fact that two-
vehicle households constitute such a nu-
merically smaller sample than one-vehicle
households that estimation of a true dis-
tribution is subject to sampling error in
this case.
It is possible that the information
in Table 9 may give some clue as to the
point in household passenger trip generation
at which households move from one-vehicle to
two-vehicle households. This point would
seem to be the class interval where the per-
centage of one-vehicle household trips is
greater than the percentage of one-vehicle
households making this number of trips, and
the percentage of two-vehicle households
trips is less than the percentage of two-
vehicle households making this number of
trips. There are two such intervals, 7-8
and 9-10. It would appear, then, that some-
where within the range of 7-10 passenger
trips for the one-vehicle household the
pressures of trip generation by household
members are such as to encourage the acquisi-
tion of a second vehicle. At least, beyond
the level of 10 trips per twenty-four hours,
the two-vehicle households consistently show
a larger proportion of all household trips
in these class intervals. Only slightly
more than 20 per cent of one-vehicle house-
holds make more than ten trips per twenty-
four hours, while about 40 per cent of two-
vehicle households do. These one-vehicle
households, however, account for 50 per cent
of one-vehicle household passenger trips;
whereas, these two-vehicle households ac-
count for barely two-thirds of two-vehicle
household passenger trips. There is the
suggestion here that the use of vehicle in
two-vehicle households is less intensive and
less organized than it is in the single-
vehicle households which are high generators
of passenger trips. One reason for this
condition, which will be examined in a later
section, is that some single-vehicle house-
holds apparently carry an above average
number of passengers on vehicular trips.
This tendency is most pronounced in the
Ring I survey zones of Figure 2. Instead
of securing an additional vehicle, these
households apparently intensify the use of
the single vehicle. The evidence will also
suggest that adding a second vehicle is
characteristic of households at the higher
socio-economic level.
The reservations suggested by
analysis of the information in Table 9 must
be kept in mind while interpreting the
results obtained by correlations of averages
of household characteristics by survey zone
with measures of traffic. Such statistical
correlations, however, seem to be necessary
to obtain some underlying connection between
traits and the utilization of vehicles by
households. A number of measures of house-
holds were constructed, some average by
survey zone for these measures was determined,
and kinds of correlations between measures
of traffic was made.
C. PASSENGER TRIPS AND HOUSEHOLD
CHARACTERISTICS
At the beginning of the study there
was no well-defined expectation as to which
characteristics of households would show
clear-cut association with trip generation
other than the number of vehicles by household
per zone. It was, therefore, decided to
develop information by survey zone on as many
items as possible which were descriptive of
households and which might possibly be re-
lated to or serve as predictors of traffic
generation. These items were then factor
analyzed to determine if there were patterns
of associations of any of the items with
traffic generation, and from such associa-
tions, if any, correlations could be computed
to suggest household traits linked to traffic.
Twenty-six items which could be
summarized by survey zone data were selected,
as were three measures of traffic generation.
Most of these items represented data secured
through the household survey or information
contained on the number 1 card for house-
holds and number 2 cards for trips. One
item, "average value of structure," was
secured independently of the survey. It
represented the findings of another research
project on traffic which had analyzed the
market value of residential structures in
various survey zones of Champaign-Urbana.
Several items called for computations in-
volving the number of acres in each survey
zone, and these figures had to be secured
independently of the survey information. The
entire set of items is listed in Table 10.
More detailed definitions of Items
A, 1-26 are found in Appendix B along with
the range in value of the items by zones.
The measures of Items 1, 25, and 26 are
values of scales which were constructed from
the survey zone data. Appendix C indicates
the procedures used for the scales.
Once the items had been selected,
they were used for two factor analyses on
the data of all reported trips. One such
analysis was of those trips in which the
vehicle contained only the driver, and the
other analysis was for trips on which the
vehicle contained the driver and passengers.
The purpose of the two factor analyses was
to ascertain, if possible, whether there
were discernible patterns of characteristics
which distinguished trips with passengers
from those which generated trips with only
the driver. If such differences could be
discovered, they might serve to explain some
of the underlying dynamics of household
utilization of vehicles.
If any measure of traffic appeared
as a high loading on a factor, it would
suggest that it was significantly associated
with the other items. If a measure of traffic
generation did not appear as a significant
item among the loadings, it still might be
possible to identify other patterns of char-
acteristics involving drivers, households, or
zones themselves which might suggest socio-
economic influences on trip generation. With
these purposes in mind, the two factor
analyses were computed. The same household
could be represented in both sets of averages
if it produced both kinds of trips. It should
be noted that the number of cases in which
the two factor analyses were made is un-
usually small (41), the number of zones for
which the averages were available. It,
therefore, seemed that only a few factors
derived from the list of twenty-nine items
factored would be unequivocal in meaning.
The factor analysis was done on the Illiac
computer of the Digital Computer Laboratory
of the University of Illinois using the
varimax program. The program called for a
centroid solution with fixed communalities
rotated to ten orthogonal factors. Appendix
D contains the table of rotated factors for
the two solutions. However, before turning
to a discussion of the factors revealed by
the solutions, some attention should be
given to the means and standard deviations
of the list of items noted in Table 10.
Comparisons can be made between
the averages of these items on the two
populations. The averages and standard
deviations, computed from the zone averages
on these two kinds of trips, are shown in
Table 11.
Examination of this table shows,
in general, a remarkable similarity between
the two populations in respects to household
traits. Such a similarity suggests that the
same households generate both kinds of trips
and that there is not a large proportion of
zones which mainly produce trips with driver
only or with driver with passenger. It
might, therefore, be expected that the
factors identified through the factor analy-
sis of the data for each of these populations
will be relatively similar. There are,
however, several minor but interesting dis-
tinctions between the two populations of
trip-makers in terms of trait averages.
First, with respect to trip purpose, vehicles
containing only the driver are more likely
to be making trips for work or business,
while vehicles containing passengers are
more likely to be making trips for purposes
other than work or business. Also, the size
of the standard deviations indicates that
vehicles with passengers show a greater
range of purpose than those with the driver
only. Second, the age of drivers without
passengers is about seven or eight years
greater than that of drivers with passengers,
and this difference even allowing for the
large standard deviation, is significant at
about the 10 per cent confidence level.
Third, the average number of passengers
(including the driver) is only slightly more
than two, and there is a relatively low
standard deviation for this item which sug-
gests that vehicles do not generally contain
more than two persons. These differences in
a general way are informative of tendencies
and habits of households with regard to the
utilization of vehicles. It might be
expected that some of these items which
reveal these tendencies might appear as
components of the patterns to be revealed
by factor analyses.
Finally, two descriptive statistics
of interest found in Table 11 are: first,
that the median age of vehicles is slightly
more than five years, and second, slightly
more than 50 per cent of potential trip-
makers make trips in the course of a typical
twenty-four period. The standard deviation
of this last statistic is large, and, as will
be noted later, the range in this measure
appears highly correlated with the range in
trips generated by zones. Table 11 indicates
that the characteristics of households which
generate trips with the driver only and
those which produce trips including pas-
sengers do not, with the present measures,
reveal significant clues concerning the
socio-economic influences of household traits
on trip production.
One final note is suggested from
comparing Tables 8 and 11 as to the average
number of passengers per vehicular trip.
Table 8 shows that two-thirds of reported
vehicular trips involved the driver only.
Table 11 indicates that the median number of
passengers (driver included) for vehicular
trips involving more than one person was
approximately two persons. These data,
therefore, indicate that on the average there
would be roughly 1.3 persons per vehicle as
computed from the reported trips. This
figure is slightly less than the figure of
1.5 persons for internal trips given in the
official summary of the Champaign-Urbana
(9)
survey. This difference is small, but it
suggests that the methods of computation
utilized in the official report and in the
present study may have varied. The important
point to consider is that any average of
passengers trips drawn from a universe in
which two-thirds of the cases involve only
one passenger, the driver, is a relatively
poor measure of the central tendency of
this universe. This issue has been previ-
ously raised with reference to the remark-
ably skewed distribution of many statistics
of traffic generation, a condition which may
reduce the significance of arithmetic means
as descriptions of these distributions.
D. FACTOR ANALYSIS OF TRIPS AND HOUSEHOLD
CHARACTERISTICS
The factor analysis of these two
types of trip producing populations is more
informative. The factor loadings on all
computed factors from the two analyses are
shown in Appendix D, and the selected load-
ings on the first five factors are shown in
Tables 12 and 13, which also indicate the
per cent of variance attributable to each
factor.
The basis of identification and
the grounds for interpretation of the factors
suggested by Tables 12 and 13 will follow,
but as an introduction to this discussion
there should be brief comment on the tech-
nique of factor analysis as it is applicable
to this study. As a device for discovering
patterns of associations among items making
up a broad set of observations, a factor
analysis begins with a matrix of zero-order,
product-moment correlations between a
number of variables such as that represented
by Table 1. Through a number of mathematical
manipulations performed on such a matrix,
sets of discrete variables whose relations
had previously been stated through correla-
tion coefficients are each discovered to
contribute in common to the total variance
represented by the correlation matrix. A
set of items which together contribute to
the matrix variance are called a factor and
are assumed to have some property in common,
at least, as it may contribute to the
observations which are recorded in the
matrix of correlations. By means of factor
analysis, it is, therefore, possible to
reduce a large number of variables to a
smaller number of sets of variables which
represent more general elements or factors
in the total group of statistical relation-
ships existing between all the items
involved. Such a reduction of variables
may give some understanding of or clues to
the relationships among a diverse set of
items.
In the present study a set of
items would be the relationships represented
by the zero-order coefficients of correlation
of all the items in Table 10 with each other
item. Some of these correlations were
already expressed in Table 4, but the actual
matrix of coefficients of correlation con-
structed for the two factor analyses was of
the inter-correlations of all twenty-nine
items of Table 10. Item 10 of Table 10,
"Median number of persons in vehicle," was
dropped from the analysis because it was
always one. The number of cases for the cor-
relations for each matrix were forty-one,
the number of survey zones for which the
measures of the items in Table 10 for which
zone averages or summaries were available.
According to the criteria used by some
authorities, this number of cases is rela-
tively small, to be certain that the
variance about the total set of inter-
relations is randomly distributed. In a
situation such as this, a more cautious
interpretation of the findings from the
factor analysis is recommended.
With this caution in mind the
following procedures were utilized. The
matrix of the product-moment correlations
between the items of Table 10 was solved for
ten factors by the "centroid" method and then
rotated to an orthogonal solution. This last
step gives the "loading" for each variable on
each of the ten factors. Loadings represent
the extent to which the particular variable
under consideration correlates with the
variance which can be attributed to the whole
set of variables making up the factor. Only
variables which have "high" loadings on the
factor are regarded as constituting the
factor. In this study a value of approxi-
mately .50 or higher was regarded as accept-
ably high loading.
The number of factors which will be
identified is not normally known at the start
of the factoring procedures. In the present
study it was assumed that the number of
factors would not be more than one-third of
the number of items contained in the inter-
correlation matrices of the items in
Table 10. For this reason the original
solution was for ten factors. A factor is
.meaningful for a study if it accounts for
appreciably more of the variance contained
in the matrix than does an average item in
the matrix. For example, an item among the
twenty-nine variables in Table 10 would
probably account on the average for a little
more than 3 per cent of the total variance.
If a factor representing a set of several
items does not account for considerably more
variance than this amount, it does not offer
an analytic contribution much beyond that of
a single item itself. The amount of variance
attributable to the ten factors in each of
the two factorings are shown in Tables 12
and 13, respectively. The complete set of
loadings for all variables is shown in
Appendix D, while only those above the
criterion of approximately .50 are contained
in Tables 12 and 13.
E. INTERPRETATION OF THE FACTORS FOR
TRIPS WITH DRIVER ONLY
The utility of factor analysis in
interpreting bodies of data depends upon
factors representing variables which have
some self-evident attributes which link them
together as explanations of the variance
discovered through the correlation of the
variables. To some extent this condition
holds in interpreting the findings of
Table 11. Factor A which accounts for 22
per cent of the variance shows high loadings
on most of the measures of traffic
generation. This indicates consistency
between these measures. It appears
significant that two clear-cut indices of
socio-economic class level, occupations and
socio-economic type of survey zone, are
part of this complex of loadings. It might
be expected that the value of residential
structure would appear as part of this
complex, but, unfortunately, the value of
structure used in the scale represented both
single and multiple family dwellings.
Apparently, multiple dwellings including
apartment houses are low generators of
traffic, since this item shows a negative
loading on this factor. The age of the
vehicle seems to bear some relation to this
complex, as its loading is almost at the
criterion level. Make of vehicle, however,
is not part of this factor, apparently
because some of the low traffic generating
zones contain used and older more expensive
makes of vehicle. The impression gained
from the make-up of Factor A is that it is
a traffic generation factor linked to socio-
economic factors and amount of traffic
generation. The fact that indices of traffic
generation are the major dependent variable
makes reasonable the finding that this
variable accounts for the highest proportion
of variance.
Factor B shows high loading on
the purpose of trips from the home and the
purpose completed prior to trips to home.
The household characteristics which cluster
with these variables are age of the driver
and the length of residence. The factor
appears to imply that older drivers who have
lived longer in the community leave home for
purposes of work or business and return home
primarily from having completed these
purposes. It appears significant that
purpose, at least for some types of trips,
is independent of the amount of traffic
generation, and that purpose should be most
closely linked to older age and longer
length of residence. The implication would
seem to be that these types of drivers have
a more structured pattern of trip-making
than other segments of the population.
Factor C contains only two items
at the criterion level of loading. This
paucity of associated variables makes it
difficult to interpret the factor since the
nature of the two items do not suggest any
obvious common property. One item is the
time of the trip during the afternoon, which
in this factor is to the home, and the other
element is the distance from the CBD of the
survey zone. The combination suggests that
the greater the distance from the CBD, the
earlier the afternoon trip to home is made.
The meaning of such a factor is not self-
evident, but several of the highest loadings
below the criterion level suggest that con-
ditions which may be operative. These
secondary attributes include a lower rate of
passenger trip generation, a lower rate of
trips per developed acre and lower homogeneity
of survey zone as measured by type of vehicle
and variation in value of the residence.
This factor appears to be a time of trip
complex associated with greater distance
from CBD and lower trip generation of zone.
The basis for such a pattern of associations
is not clear, but it does appear significant
that the time of the trip emerges as an
element of a major factor.
Factor D does not appear to involve
any measures of traffic as important
variables. This fact, in itself, is note-
worthy as it demonstrates that factor analyz-
ing an array of data such as this does not
necessarily produce statistical patterns
which include items pertaining to traffic.
This factor seems to involve the qualities of
large-sized households who live in residential
structures of low value. Higher loadings on
a number of secondary items suggest that this
factor involves a lower occupational level,
a lower ranking of survey zone by socio-
economic type, and lower-priced makes of
vehicles. In short, it is a complex of items
representing households which are low in the
socio-economic scale. In other words, the
lowest socio-economic status of households
appears neutral to any aspect of traffic
generation. It might appear that the relation
between amount of traffic generation and
socio-economic status is discontinuous at the
lower socio-economic levels.
These four factors are the only
ones containing loadings on constituent items
of approximately .50 or higher. For this
reason they are the only factors considered
in identifying constellations of household
traits which might be linked with traffic
indices. The first three factors contain
traffic indices as constituent elements, and
the four factors account for about 55 per
cent of the variance contained in this array
of data which represents the inter-relations
of household traits and traffic indices for
trips involving the driver only. Two con-
clusions may be drawn from the identification
of these four factors: (1) higher socio-
economic status of households shows the
highest association with measures of traffic;
and (2) the influences which operate on
traffic are either varied or diffuse in
their action, for the most clearly identifi-
able factors account for barely a majority
of the total variance in this set of
relations.
F. FACTORS IDENTIFIED WITH VEHICULAR TRIPS
INVOLVING DRIVER AND PASSENGER
The same procedure for identifying
factors was applied to the matrix of cor-
relations for vehicular trips involving more
than a driver. The purpose of this step was
to determine if the factors previously
identified were also characteristic of both
types of vehicular trips. If such a result
could be demonstrated, it would suggest
general or universal tendencies by households
in their traffic-producing patterns.
Actually, the comparison of the item loadings
in Table 13 to those in Table 12 indicate
several differences in respect to the
identifiable factors. These differences can
be seen from following the list of four
factors suggested by Table 13.
Factor A appears identical to the
A factor of Table 12. This factor is
traffic generation linked to high socio-
economic level of household. In Table 13 it
accounts for most of the variance of the set
of relationships, and it appears to be a
general and primary factor in the relation
between household traits and traffic indices.
Factor B in Table 13 is slightly different
from the same lettered factor in Table 12
since it shows a heavy loading on both time
and purpose indices. It suggests that for
trips to home where the driver is a long-
time resident, the departure from home in
the P.M. is earlier. The suggestion here is
that having a passenger introduces the time
variable as part of the factor. Factor C
appears, at first sight, to be a household
trait factor. It suggests that the younger
drivers in lower-priced makes of cars are
associated with larger sized households.
Secondary high loadings suggest further that
these drivers are white males, living in
zones at a considerable distance from the
CBD where there is relatively low residential
density. This factor seems to be the
reverse, in some sense, of Factor B from
Table 12, in which older age is an attribute
of driver only trips. Younger drivers from
larger households, by contrast, are associ-
ated with trips with passengers.
Factor D shows only one critically
high loading which makes it a somewhat
difficult factor to interpret, especially
since this loading suggests that the pat-
tern involved represents a tendency for
persons who make trips to make only a few
trips. The secondary loadings give some
further intimation of other household traits
involved in this pattern including a high
number of persons in the household making
trips while the household itself does not
make many vehicular trips. The loading on
occupation also seems to imply a somewhat
lower economic level of households. The
total factor, then, appears to represent a
tendency of households containing a larger
number of persons to make passenger trips
with a limited number of vehicular trips.
Such a pattern is obviously that of multi-
passenger trips, and it is apparently more
characteristic of lower socio-economic
levels. Moreover, this factor is certainly
one which would be expected to appear from
the data of trips involving driver and
passengers, and in this sense is a con-
firmation of the validity of the method of
factor analysis to determine patterns of
household characteristics associated with
measures of trip generation.
These four factors account for
approximately 55 per cent of the variance
involved in the intra-correlation of the
items defining trips involving the driver
and passengers. The factors, however, appear
somewhat different from the set associated
with trips involving the driver only with
the exception of the first factor, which
under both conditions shows a clear pattern
for a higher occupational and economic status
to be positively associated with amount of
trip generation. The analysis of the in-
formation on attributes associated with trips
involving passengers indicates also that the
influences on trip generation are varied
and presumably diffuse since the statistically
most important factors account for barely a
majority of the variance involved in the
intra-correlation of these attributes. Time
of trip and purpose of trip emerge as char-
acteristics of trips which are related to
characteristics of households. The number of
trips, however, is the attribute of traffic
which is most clearly related in any case
with household characteristics.
Yet, it is obvious that trips
involving passengers reflect different in-
fluences and are associated with different
traits of households than are trips with
drivers only. What is of particular interest
is the suggestion contained in Factor D that
multiple passenger trips are linked to an
increase in the proportion of members of
households who make trips but this does not
necessarily imply an increase in the average
number of vehicular trips per household.
Findings such as this suggest something of
the dynamics of decision-making in house-
holds relative to the use of vehicles for
trip purposes. Of course, it should be kept
in mind that since about two-thirds of all
vehicular trips contain only the driver,
that the explanation of or prediction of
volumes of vehicular traffic will depend
mainly on discovering characteristics associ-
ated with driver-only trips. The use of the
technique of factor analysis as described
above has suggested such associations.
G. MULTIPLE CORRELATION BETWEEN VEHICULAR
TRIPS AND HOUSEHOLD TRAITS
The factor analysis has shown that
trip generation is most closely linked to
occupational and economic household traits.
This relationship can be expressed as a
coefficient of the multiple correlation
between the average number of trips per zone
and other zone averages of occupational-
economic level of household. Such a multiple
correlation would also serve as a prediction
of how much a combination of household traits
would generate traffic. Furthermore,
multiple correlation would show the relative
contribution of each of the traits to the
variation in the predicted variable, in this
case average number of trips per zone.
The formula for the coefficient of
multiple correlation in this instance is
not only a prediction of the number of trips
which can be generated under certain
conditions, but it can be a device for under-
standing the factors or influences which
enter into trip generation. One of the aims
of this study was to identify such factors
for which information or measures were
available through sources other than origin-
destination surveys. Certain of the items
in Tables 12 and 13 which are shown to be
related to trip generation might well serve
as such measures. These items were,
therefore, converted to the independent
variables of the formula for a coefficient
of multiple correlation as shown in Table 14.
The findings of Table 14 are
instructive of the variables associated with
trip generation in a city such as Champaign-
Urbana. Three of the variables R2, R , and
R4 contribute approximately the same amount
of statistical influence to variation in the
dependent variable. Two of these variables
are strictly socio-economic in nature:
level of occupation and price of make of car.
Both indices are positively associated with
increase in trip generation as might be
surmised from the nature of Factor A in both
Tables 12 and 13. The variable R , value of
structure, shows a negative correlation with
trip generation because the most expensive
structures were multi-family dwellings or
apartment houses whose inhabitants either did
not own a vehicle or used it less. The dif-
ference in value of residential structure
is, therefore, a variable which does not
reflect differences in socio-economic level
as much as it reflects differences in types
of households or families found in apartments
and non-apartment residences. Apartment
house families tend toward fewer members,
more older persons, and fewer children. In
this community they were less likely to
generate trips than households living in
single-family residences, which was the pre-
vailing mode of residence. The fourth
independent variable, distance from CBD, was
included because in other studies of traffic
generation it was highly correlated with
trips. In this situation it clearly is not
as important as other variables. This
condition may have resulted from the bi-
partite pattern of CBD in Champaign-Urbana.
A primary conclusion, however, which can be
drawn from Table 14 is that trip generation
is definitely correlated with the socio-
economic aspects of and the types of family
and households to a greater degree than is
the location of the household relative to its
distance from CBD. Changes or variations in
these aspects of households in a community
could be expected to have appreciable socio-
economic influences on traffic generation.
It is obvious, of course, that
socio-economic traits of households are not
the only, or even most accurate, predictors
of trip generation by households. The
present study, and many earlier reports, have
indicated that the proportion of households
owning vehicles, the average number of
vehicles per household computed by zone, or
some geographic unit correlates highly with
community trip generation by household. The
device of multiple correlation can be applied
to this basic relation between the average
trip generation by household and the average
number of vehicles per household. This
procedure was utilized in this study with
the results shown in Table 15.
The combination of the two in-
dependent variables utilized in Table 15
provided one of the highest multiple cor-
relations of a combination of one other
variable with average number of vehicles per
household. The value of the multiple R in
Table 15 is identical with that of Table 14.
The point of interest here is the difference
between the independent variables in the two
correlations insofar as they help account
for generation of trips by households.
Table 15 seems to suggest that increases in
the average number of vehicles and of persons
per household in a zone will encourage an
increase average trip generation by household.
This relationship, however, tells very little
about the nature of the households as trip-
generating units. Table 14 implies that
families higher on the socio-economic scale,
living in single-family residences generally
some distance from the CBD will generate more
trips. Increases among households of these
traits should promote increase in traffic
generation by households.
H. DIFFERENCES IN TRIP PRODUCTION BETWEEN
ONE- AND TWO-VEHICLE HOUSEHOLDS
Predicting the conditions under
which there will be an increase in the
average rate of trip generation by various
types of households is made difficult by a
lack of understanding of what kind of house-
hold activity or function trip-making is.
Does the presence of a vehicle in a house-
hold generate or make possible new needs to
be satisfied by trip-making, or is there a
relatively fixed set of needs for trips which
is independent of the availability of a
vehicle in the household?
One of the sources of a partial
answer to this question is the observed
distributions of number of trips made over
a twenty-four hour period by households. If
these distributions show well-defined
modalities, it would suggest that these are
some norms or customs involving either ef-
ficiency or customs in respect to decisions
made in the household on the use of the
vehicle. Table 9 summarizes a set of such
distributions. It suggests several cross-
cutting tendencies among families in respect
to trip generation, the most notable being
the differing patterns of one- and two-
vehicle households. One way of delineating
these tendencies is to correlate by zones
the average number of trips per household
for both one- and two-vehicle households with
the total zone average of trips. Such a
procedure is represented by Table 16.
The data in this table shows a
marked difference between one- and two-
vehicle households in relation to trips gen-
erated to the average number of trips per
household by zone. These differences seemed
so extreme that it appeared advisable to
graph the data represented by Table 16 to
determine the degree to which there is such
a divergence between the two types of house-
holds in their rates of trip generation.
Figures 3 and 4 demonstrate the relation
between the trip averages of one- and two-
vehicle households and the median number of
trips for households with vehicles per zone.
Figure 4 shows that there is a
reasonably close linear relation between
the average number of trips per zone of one-
vehicle households and the median number of
trips per zone of all households making trips.
In this sense it appears that the trip gen-
eration patterns of one-vehicle households is
typical of that of the zone. Figure 3
reveals that there is considerable diffuse-
ness in the relation of the average number of
trips per two-vehicle households to the zone
median of all households. The low correlation
coefficient of Table 16 appears to be mainly
a product of seven markedly deviant cases
among the total thirty-five zones. The re-
maining twenty-eight zones show a distribution
similar to that of Figure 4. It is striking
that six of the seven deviant cases are above
average for number of trips per two-vehicle
households but below average for number of
trips for all households making trips.
The pattern of deviant cases seemed
unusual and these zones with high rates of
trip generation by two-vehicle households and
low rates for the whole zone were checked on
the map. These deviant zones were either CBD
zones, or adjacent to the CBD and the main
highways. They were zones heterogeneous in
population make-up, characterized by changing
land use, either residential or commercial,
and by low or average rates of trip
generation. The rate of trip-making of two-
vehicle households obviously is atypical to
that of the rest of the zone, and the zones
themselves are not typical residential zones
of the community. In more typical residential
neighborhoods or zones the pattern of trip
generation by two-vehicle households seems to
represent the general trip-production pattern
of the zone. These graphs suggest that zones
with a relatively high proportion of house-
holds possessing two vehicles are higher
economic level zones. The acquisition of the
second vehicle is an aspect of higher economic
status as is a higher rate of generation of
trips. Apparently a large proportion of
households in a zone do not acquire a second
vehicle simply because there are demands for
more trip generation unless the zone is in
the higher economic-occupational bracket. The
data indicate that a single vehicle house-
hold can generate a high rate of trips if
necessary. Figures 3 and 4 suggest that
zones which are homogeneous in respect to
household characteristics will show a rate of
trip generation which is directly proportional
to economic-occupational level. Zones which
are heterogeneous in respect to household
characteristics will show an atypical rate of
trip generation for two-vehicle households.
In such cases presumably the two-vehicle
households are unlike the other households in
the zone in social and economic traits. This
may account for the divergent rate of trips
by two-vehicle households. Hence, the con-
clusion may be drawn that an increase average
in socio-economic level of zones is directly
correlated with an increase in the average
rate of trip generation by household and in
the proportion of households having two
vehicles. Apparently, it is not the acquis-
ition of the second vehicle itself which
determines this increase in trip generation,
but rather the increase in socio-economic
level.
I. SUMMARY
The aim of the analysis in this
chapter was to identify characteristics of
households which are correlated with indices
of traffic. The vehicle or vehicles in the
household were assumed to be the potential
for production of traffic; the traits of
households were regarded as influences as-
sociated with developing this potential. A
summary of the findings follows:
(1) Increase in the number of
household vehicles from one to two does not,
on the average, double household trip
production. Approximately 70 per cent of
all households are single-vehicle and about
15 per cent are two-vehicle. Two-vehicle
families, on the average, only make two more
vehicular trips per twenty-four hours than
the single-vehicle household the average of
the latter being 5.6 trips. The acquisition
of a second vehicle by a household, on the
average, increases the number of vehicular
and passenger trips of the household by only
one-third.
(2) Two-thirds of all vehicular
trips by both one- and two-vehicle households
involve the driver only. The one-third of
vehicular trips involving passengers carry,
on the average, only slightly more than one
passenger.
(3) On the average, households with
vehicles generated between seven and eight
passenger trips per twenty-four hour period.
The range in number of trips by these house-
holds for this period was from zero to forty.
The distribution of cases by class intervals
on this range, however, was clearly skewed
upward. In fact, this skewness was such as
to suggest that the arithmetic mean of pas-
senger trips by household is a poor measure
of central tendency of trip distributions.
This non-normal distribution of traffic gen-
eration raises questions concerning the use
of correlation statistics and analysis which
assumes a normal distribution of samples
that are statistically correlated. The
extent of the skewness in the distribution
of passenger trips is seen in the fact that
the mode of passenger trips per household is
approximately four, the median about six,
while the arithmetic mean is closer to eight.
The assymetrical quality of the distribution
of traffic generation is further demonstrated
by the fact that the lowest ranking 40 per
cent of one vehicle households with respect
to trips generated account for barely
15 per cent of all passenger trips produced
by one-vehicle households. At the same time,
the top-ranking 15 per cent of such households
account for 40 per cent of passenger trips
produced. Thus, traffic generation appears
to be strongly influenced by a minority of
households.
(4) It would appear that about ten
passenger trips per household per day would
be the normal or average limit that single-
vehicle households reach before acquiring a
second vehicle, or before embarking upon
unusual intensive use of the single vehicle.
(5) Intensive use of vehicle is
accomplished by a minority of single-vehicle
households, but they generate a disproportion-
ately high number of passenger trips in a
twenty-four period. Twenty per cent of one-
vehicle households make more than ten trips
per day, but those households account for
50 per cent of the trips of all single-
vehicle households. By contrast, 40 per cent
of the two-vehicle households make more than
ten passenger trips per day, but account for
only 65 per cent of all two-vehicle house-
hold trips. Obviously, the most active two-
vehicle households in trip generation do not
make as intensive use of vehicles as do
active single-vehicle households. It should
be noted, however, that in actual numbers
there are about 2.5 times as many one-vehicle
households making more than ten trips a day
than there are two-vehicle households. It
might be speculated that an increase in the
number of single-vehicle households extremely
active in trip production might lead in the
future to a rate of traffic generation equal
to that produced by an increase in the
number of two-vehicle households.
(6) Two factor analyses were made
of social characteristics of households
averaged by zones as associated with indices
of traffic such as number, time, and purpose
of trips. One analysis represented the
households of drivers only, the other of
households of drivers with passengers. In
both cases the matrix of inter-correlations
of some thirty items were reduced to a set
of four factors which appeared to satisfy
statistical criteria appropriate for the data.
The first factors of each set appeared
identical: A complex of traits showing that
the volume of trip generation by zone was
positively associated with the socio-
economic-occupational level of zone. In both
cases, this first factor accounts for almost
one-fourth of the matrix variance and shows
most clearly association of household char-
acteristics and traffic. This result appears
to demonstrate that the higher the economic-
occupational level of the population of an
area the higher its rate of trip production.
(7) Neither of the other factors
in the two sets showed similar correspondence,
nor did they individually account for as high
an amount of variance. In the driver-only
trip analysis a second factor emerges show-
ing a relation between older drivers and trip
purpose for work or business. The third
factor in this set linked time of trip to
home and distance of residence from CBD. The
remaining factor did not involve indices of
traffic, but rather the size of household
and socio-economic level. The set of factors
for household characteristics of drivers with
passengers included a second factor involving
long-time residents leaving for home earlier
on trips from business or work. A third
factor shows linkage between younger drivers,
inexpensive makes of vehicle, and larger
sized household. The fourth factor in this
set suggests that a larger proportion of
members of lower socio-economic households
make trips as passengers. These two sets of
factors suggest that trips with passengers
are generated by different aspects of house-
holds than trips with drivers only, although
in both cases the major element involved in
the number of trips is occupational-economic
level.
In both sets of analyses the lead-
ing factors accounted for only 55 per cent
of the variance in the matrix of correlation
of items. At the same time, however, almost
all of the eight leading factors involved
aspects of traffic such as number, time of
purpose of trips, proportion of household-
making trips, etc. The fact that barely a
majority of the variance could be accounted
for by the complex of traits linked to indices
of traffic suggests that either traffic is a
product of a multiplicity of influences or
else that the present inventory of items of
households does not adequately represent
household characteristics associated with
traffic production.
The leading factor linking amount
of trip generation with socio-economic-
occupational level provides the basis for
a multiple correlation formula which express-
es the number of trips as the dependent
variable and the household indices of
economic level as the independent variables.
These traits include zone averages for
occupational level, value of residential
structure, value of make of car, and distance
from CBD, although the latter was also in-
troduced as a control variable since it had
been used in other studies. The coefficient
of multiple correlation RI.234 of these
traits as the independent variables with
median number of vehicular trips per zone
was of the order of .80. This correlation
was as high as any discovered using only
zone averages of household characteristics
as independent variables in correlations
with amount of trip generation as the de-
pendent variable. One point of interest
with this particular equation is that dis-
tance from CBD in itself contributes very
little in the prediction of the number of
trips generated by zone. The main reason for
the limited influence of the distance from
CBD is that as a variable it is apparently
also correlated with measures of economic-
occupational level which are most directly
related to traffic production.
(8) Other variables can predict the
average generation per zone as well, if not
better, than those used in the equation noted
above. Such variables had already been pre-
sented in earlier chapters as average numbers
of vehicles and persons per household. These
two zonal averages, treated as the independent
variables in a multiple correlation equation
in which median number of vehicular trips per
zone was the dependent gave an R1.23 also of
the order of .80. While such characteristics
may serve as efficient predictors of traffic
production, they are not in themselves as
instructive of qualities of households which
are influences leading to production of more
trips. Socio-economic level as a trait is,
presumably, a better motivational explanation
of why a household generates traffic
than is simply the number of vehicles per
household. The difference in the potential
for trip generation of the vehicle in the one-
and two-vehicle household indicates one
explanation of why the number of vehicles
per se is not an explanatory item.
(9) The proportion of two-vehicle
households in survey zones appear to be a
complicating dimension to the attempt to
predict or explain traffic generation by zone.
The present study found a low coefficient of
correlation between the median number of
trips by two-vehicle households and the
median number of trips for all zone households.
This low quantitative relation, however, ap-
peared to be produced by a small number of
quite deviant cases, i.e., heterogeneous and
somewhat atypical zones in which two-vehicle
households differed considerably in trip
production from the pattern of other house-
holds, and homogeneous zones in which the
rate of trip production is closely correlated
with the over-all zone rate.
(10) An increase in the socio-
economic-occupational level of households
appears to be the major influence for in-
creasing the rate of trip generation by zone.
Other aspects of trips such as the time of
trip, trip-purpose, or the proportion of
households making trips appear to be linked,
although less obviously than the number of
trips, to other characteristics of households
such as age of the driver, length of residence
in the community, number of persons in
household, etc.
(11) All of the above findings,
especially the difference in pattern of
traffic generation of one- and two-vehicle
households, suggest that the household
itself is the basic unit of production of
trips, and that production of trips varies
by zone measures of households. It is
clear from the findings reported in this
chapter that any particular items or factors
used to define household characteristics
provide for somewhat limited prediction of
measures of traffic in a community such as
that analyzed in the present study.
V. THE RELATION OF SELECTED PHYSICAL MEASURES INCLUDING
DENSITY AND DISTANCE TO HOUSEHOLD TRAFFIC GENERATION
The findings of the previous
chapter indicated that certain traits of
households such as their socio-economic level
were closely associated with the rate of trip
generation by households. These findings can
be expressed as the rate of trip production
per household by survey zone. In the present
chapter consideration will be given to find-
ings from the Champaign-Urbana survey involv-
ing the physical aspects of zones, i.e.,
density of households and the distance of the
zone from other zones, as these aspects appear
involved in traffic generation by households.
Physical dimensions of the com-
munity have an integral relation to the gen-
eration of trips especially when geographical
areas such as survey zones are viewed as
specific sources of traffic production. For
example, if the average rate of trip gener-
ation by households in a community is known,
then the predicted volume of trips for a geo-
graphical area or zone is dependent on the
number of households in the area. This
number can be stated or standardized as a
density per some physical measure such as
square feet or acres. Similar physical con-
siderations appear to be involved in the
distances between survey zones, since the
greater the distance between areas, the fewer
the trips made between them. The understand-
ing of the process of traffic generation
would be greatly furthered if statistics or
parameters of physical aspects of communities
relative to trip-making were established.
For example, if the rate of trip production
per acre of single-households in the middle-
economic-occupational range were known, it
could be applied to various problems of com-
munity traffic engineering or prediction.
The present chapter explores questions of
establishing such parameters or statistics
from the findings of the Champaign-Urbana
survey.
A. DENSITIES AS MEASURES RELATED TO
TRAFFIC GENERATION
Various measures of density have
been applied to land areas of communities as
correlates of trip production. These indices
have included the number of vehicles and/or
households per acre or square mile.
In the present study the density
measure used was the average number of trips
per developed acre of survey zone for the
following items: passenger trips, vehicular
trips, vehicles, and households. The measures
of association of these items with each other
and with the characteristic of households
were computed in the form of coefficients of
correlation. A number of computations were
made for these items such as densities per
the number of survey zone acres legally zoned
for single- and multi-family residences.
Densities by developed acres, however, were
most effective for prediction of trip gen-
eration by survey zones.
The association between trips,
vehicles, and households when stated in terms
of densities or the ratio of these items to
acres is suggested by Table 17. This table
shows the zero-order correlation coefficients
between the actual numbers of vehicular trips,
the number of vehicles, and the number of
households for the forty-one survey zones and
the coefficients when each of these items is
computed per the number of acres in each zone.
The high correlations found in
Table 17 agree with the findings of the
Detroit (10) and Chicago (11) studies. There
is, however, one noticeable implication in
Table 17 shown in the reduction of the size
of all three coefficients of correlation when
computed in terms of densities per acre.
It would appear that the internal relations
between the complex of traits, numbers of
vehicular trips, households, and vehicles, is
reduced when these traits are converted to
ratios representing the density of these
traits per acre. Two possibilities offer
themselves as interpretations of this general
reduction of correlation coefficients. The
first possibility is that the general reduc-
tion in correlation is a consequence of a
statistical artifact produced by correlating
ratios of traits in which the distribution of
the characteristic used as the base of the
ratio, in this case the number of acres in
each survey zone, is not normally distributed.
The introduction of a base not normally dis-
tributed may produce a set of ratios which
are not normally distributed so that the
variance between the measures used in the
coefficient of correlation does not have the
property of "homoscedasticity" expected in
such a coefficient.
One way of testing this possibility
is to examine the distribution of the range
by size of survey zones, to ascertain the
degree to which it approaches a normal
distribution. The basis for such an examin-
ation is found in Table 18.
The size of survey zones in this
table represents "developed acres," which
means that a street plan and utilities had
been officially approved for the area.
There is obviously a great range in size of
survey zones from slightly more than twenty-
five acres to over three hundred acres. This
disparity in size was required by the desir-
ability of maintaining homogeneity in zones.
The distribution of items in Table 18 is
reasonably symmetrical although it shows a
kind of central bi-modality. The fact,
however, that it is not markedly skewed sug-
gests that it is not the pattern of this dis-
tribution as the base of the density ratios
for zones which produced the reduction in cor-
relation coefficients between variables mea-
sured as densities.
One point, perhaps, should be noted
relative to the possibilities of analysis
suggested by Table 17. The vehicular trips
referred to here are all of those made by
vehicles maintained by households located in
the zone. These trips are not simply ones
made to or from the zone. Therefore, the
figures for vehicular trips per acre per
survey zone is a measure of the average num-
ber of trips per acre of all the trips made
by vehicles garaged within the survey zone.
This index reduces to a space measure the
trip generating capacity of the households
located in the zone. The rationale behind
the creation of such an index is that if such
trip generating capacity could be standardized
for categories of community space, the pre-
diction of total traffic production by the
community would be facilitated.
A second point relative to analysis
by density measures should also be noted,
namely that this kind of analysis has been
limited in some cases, such as the Detroit
study, to residential space as defined by
zoning regulations. In the present study the
unit of area was the developed acre rather
than the residential acre. This decision was
made after discovering that the use of de-
veloped acres gives a better prediction of
actual vehicular trips per acre than resi-
dential acres as legally zoned. Of the
thirty-three cases of survey zones for which
it was possible to make predictions for the
number of vehicular trips on the basis of
both residential and developed acres, in
nineteen cases developed acres offered the
most accurate prediction, in five cases
residential acres offered the most accurate
prediction, and in nine cases the predictions
were approximately equal in accuracy. The
explanation for the more satisfactory pre-
diction through the category of developed
acres rests, in this case, on the fact that
classifications such as "residential,"
"commercial," "public space," etc., are zon-
ing categories which permit a certain land
use but do not necessarily deny residential
use of the same area. For example, land in
the commercial category could also contain
households as it did in many cases in or near
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Table 1
ZERO-ORDER INTER-CORRELATIONS OF NUMBER OF TRIPS PER HOUSEHOLD
(ITEM 7) WITH OTHER HOUSEHOLD CHARACTERISTICS -- DATA UNGROUPED BY ZONES
Non-Student Households
1 2 3 4 5 6 7 8 9
1 - -.255 .143 .130 .043 -.218 .126 .133 -.064
2 -.238 .015 -.016 .034 -. 185 -.131 .111
3 .283 .332 -.024 .427 .482 -.060
4 .879 -.142 .388 .523 .495
5 -.003 .437 .599 .543
6 -.071 -.073 .074
7 .762 -.228
8 -.258
9
Student Households
1 2 3 4 5 6 7 8 9
- .285 -.167
-.202
.015
.010
.066
.013
.005
.060
.954
.014
-.066
.107
.036
.030
-.111
-.183
.490
.013
-.007
.109
-.079
-.136
.389
.058
.055
.115
.660
8
9
Code For Items
.075
.153
-. 381
.158
.158
-. 132
-. 659
-. 919
Distance from CBD of zone of household
Socio-economic status of zone of household (range:
Number of cars owned in household
Number of persons in household
Number of persons over age of five in household
Length of residence of household in dwelling place
Number of trips made by members of household during
Number of persons in household making trips
Number of persons in household making no trips
1 high, 7 low)
preceding day
Table 2
SCALE OF ZONE HOMOGENEITY FOR THIRTY-FOUR SURVEY ZONES
(Scale values based on agreement between measures of
occupation, make of car, and value of structure)
Degree of Homogeneity Number of Zones
(0-High; 4-Low)
TOTAL 34
Table 3
SUMMARY OF ANALYSIS OF VARIANCE ABOUT REGRESSION COEFFICIENT
BETWEEN NUMBER OF VEHICLES PER ZONE AND NUMBER OF TRIPS
PER ZONE - FORTY-ONE SURVEY ZONES
Variance Source Sum of Squares Degrees of Freedom Variance Estimate F-Ratio
Between zones
Within zones
TOTAL
4,600.286
60,404.036
65,004.322
1,639
1,679
3.118"115.07
36.854
Significant at better than .01 level
Table 4
ZERO-ORDER CORRELATION BY ZONE AVERAGE OF SOCIAL CHARACTERISTICS WITH
TRAFFIC GENERATION (ITEM 15) -- NON-STUDENT SAMPLE
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
-.220 .515 .567
-.571 -.462
.937
-.416
.206
.040
-.025
.479
-.045
.619
.631
.164
.216
.093
.616
.558
.469
.872
.528
.344
.861
.813
.164
.789
.804
-.209
.470
-.284
-. 179
.277
.135
.078
-.223
-.266
-.300
.010
-. 100
.056
-. 158
.074
.054
-.294
-.158
-. 151
-.424
-.528
-.258
-.544
-.562
-.543
-.085
.117
-.381
.239
-.236
-.216
.383
-.221
-.065
-.314
.305
-.021
-.079
-.003
-.320
.161
.264
-.349
-. 156
-.259
-.079
-. 124
.071
-.285
.026
.265
-.479
.726
.667
.164
.217
.402
.754
-.430
.304
-.412
-.183
.128
.461
-.495
.797
.780
000
.604
.596
.847
-.262
.187
-.453
-.321
.246
.733
15
Code For Items
Distance from the CBD
Socio-economic type
Average number of cars per household
Per cent of households with cars
Average length of residence
Average number of persons per household
Average number of persons per household over five years of age
Average number of persons making trips
Median year of cars
Average make of cars
Average value of structure
Coefficient of variability
Average number of trips per person making trips
Per cent of potential trip-makers making trips
Median number of trips
Table 5
COMPARISON OF COEFFICIENTS OF CORRELATIONS OF NUMBER OF PASSENGER TRIPS
WITH OTHER INDICES OBTAINED BY TWO SETS OF DATA: HOUSEHOLDS AND ZONE AVERAGES
Zero-Order Correlation
Number of Trips with Items Indicated
(1) (2) (3) (4)
Item By Household By Zone Increase in Amount
Average of Variance
((3)-(2))
1. Distance from CBD of zone
of household .126 .461 .197
2. Socio-economic status of
zone of household -.185 -.495 .211
(range: 1 high; 7 low)
3. Number of vehicles in
household .427 .797 .453
4. Number of persons in
household .388 .604 .214
5. Number of persons over age
five in household .437 .596 .164
6. Length of residence of
household in dwelling -.071 000 ---
7. Number of persons in house-
hold making trips .762 .847
Table 6
COMPARISON OF RANKINGS BY SIZE OF THE COEFFICIENTS OF
CORRELATION REPORTED IN TABLE 5
Item
Number of vehicle in household
Number of persons in household
Socio-economic status of zone
Distance of zone from CBD
Number of persons over age five in household
Number of persons in household making trips
Length of residence of household
Ranking
Correlated by
Household
3
4
5
6
2
1
7
Ranking
Correlated by
Zone Average
2
3
5
6
4
1
7
RankingCorrelated 
by
Household
Table 7
OF THREE RINGS OF SURVEY ZONES IN CHAMPAIGN-URBANA
HOUSEHOLD CHARACTERISTICS AND TRAFFIC GENERATION
GROUPED BY DISTANCE FROM THE CBD
(1) (2) (3) (4) (5) (6) (7) (8)
Ring Number of Per Cent of Per Cent of Per Cent of Average Average Average
Number Zones Households Trips in Ring House- Distance Number of Number of
Included in Total Total holds Owning of Zones Trips per Trips per
Sample Sample Vehicles from CBD Household Vehicle
(1/10 mi.) Household
10.7
30.5
58.8
100.0
6.9
25.5
67.7
100.0
64 3.62
87 4.70
164 6.47
6.75
6.07
6.98
Code for Items
Ring designation
Number of survey zones in ring
Percentage of all households in ring
Percentage of all trips made by households
Percentage of ring households owning vehicles
Average distance of zones in ring from CBD
Average number of trips per household
Average number of trips per vehicle-owning household
Table 8
AVERAGE NUMBER OF VEHICULAR TRIPS PER HOUSEHOLD AND AVERAGE NUMBER
OF TRIPS PER VEHICLE ACCORDING TO NUMBER
OF VEHICLES PER HOUSEHOLD
Vehicular Trips
Number of Vehicles Number of Driver Driver and Total Average Average
per Household Households Only Passenger(s) Number of Number of
Vehicles Trips per
per House- Vehicle
hold
1,365
301
5,134
1,664
2,508
718
7,642
2,382
6,798 3,226 10,024
III
TOTAL
TOTAL 1,987
Table 9
PERCENTAGE OF NUMBER OF PASSENGER TRIPS MADE BY PERCENTAGE OF HOUSEHOLDS
CONTAINING ONE AND TWO VEHICLES -- HOUSEHOLD SURVEY SAMPLE
One-Vehicle Households Two-Vehicle Households
(1) (2) (3) (4) (5)
Number of Per Cent of All Per Cent of Per Cent of All Per Cent of Households
Trips Household Trips Households Household Trips Making This
in This Making This in This Number of Trips
Category Number of Category
Trips
0
1- 2
3- 4
5- 6
7- 8
9-10
11-12
13-14
15-16
17-18
19-20
21-22
23-24
25-26
27-28
29-30
31-40
TOTAL
n =
0
4.0
10.3
12.3
12.8
12.2
9.9
7.7
7.4
5.2
4.7
3.0
2.1
2.7
1.6
.9
3.2
100.0
10,254
Average Number of Passenger
Trips per Household
5.7
15.1
19.9
16.1
12.2
9.4
6.2
4.2
3.5
2.2
1.8
1.0
.7
.8
.4
.2
.6
100.0
1,394
.7
4.1
10.6
9.9
10.3
9.5
11.4
4.4
12.1
7.3
6.7
3.0
1.6
2.6
2.8
3.0
3.7
11.4
19.4
13.7
11.4
8.7
9.0
3.0
7.4
4.0
3.3
1.3
.7
1.0
1.0
1.0
100.0100.0
3,189
7.36 10.66
Class Interval in Which Household
Median, Mode, and Mean Fall
Mode
Med ian
Mean (average)
5- 6
9-10
10-11
Table 10
LIST OF TRAITS OF HOUSEHOLDS IN SURVEY ZONES AND MEASURES OF
TRAFFIC GENERATION
A. Traits of Households by Survey Zones (Independent Variables)
1. Scale value of occupations
2. Median sex-race
3. Median purpose of trip from home
4. Median purpose of trip to home
5. Time of trip -- morning median from home
6. Time of trip -- afternoon median from home
7. Time of trip -- morning median to home
8. Time of trip -- afternoon median to home
9. Median number of persons in vehicle for trip
10. Median age of driver of vehicle
11. Distance of zone from CBD
12. Socio-economic level of zone
13. Average number of vehicles per household
14. Average length of residence of household
15. Average number of persons per household
16. Average number of persons per household who made trips
17. Median age of household vehicles in years
18. Average type of vehicle (low, medium, and high priced)
19. Average value of residential structures
20. Per cent of potential trip-makers who make trips
21. Average number of trips made by persons making trips
22. Median number of passenger trips
23. Number of vehicular trips per developed acre
24. Number of developed acres per household
25. Homogeneity of zone -- in terms of type and age of vehicle
26. Homogeneity of zone -- in terms of value and residential structure
B. Measures of Traffic Generation (Dependent Variables)
1. Average number of vehicular trips per household
2. Average number of vehicular trips per vehicle, one-vehicle households
3. Average number of vehicular trips per vehicle, two-vehicle households
Table 11
MEANS AND STANDARD DEVIATIONS OF VARIABLES ASSOCIATED WITH VEHICULAR
TRAFFIC FOR TRIPS WITH ONE PERSON AND MORE THAN
ONE PERSON IN VEHICLE
More Than One in Car Driver Only
Arith. Standard Arith. Standard
Means Deviation Means Deviation
1 Scale value of occupations
2 Median sex-race
3 Purpose from home
4 Purpose to home
5 Time of trip -- morning median
from home
6 Time of trip -- afternoon median
from home
7 Time of trip -- morning median to
home
8 Time of trip -- afternoon median
to home
9 Median age of auto-drivers
10 Median number of persons in vehicle
11 Distance from CBD
12 Socio-economic type
13 Average number of cars per household
14 Average length of residence
15 Average number of persons per
household
16 Average number of persons making
trips (passenger trips included)
17 Median year of car models
18 Average make of cars
19 Average value of structure
20 Per cent of potential trip-makers
making trips (passenger trips
included)
21 Average number of trips per person
making trips (passenger trips
included)
22 Median number of trips (passenger
trips included)
23 Average number of trips per car
(vehicular traffic)
24 Number of vehicular trips per
developed acre
25 Number of developed acres per
household
26 Average number of trips per car,
two-car households
27 Average number of trips per car,
one-car households
28 Homogeneity factor -- in terms of
car type and age
29 Homogeneity factor -- in terms of
real estate values
+3.024
+1.238
+4.667
+3.905
+8.000
+17.240
+10.520
+17.380
+36.790
+2.024
+12.980
+4.405
+0.972
+3.544
+2.992
+1.651
+5.380
+1.541
+14.650
+1.752
+0.479
+1.847
+1.525
+0.870
+1.270
+1.010
+1.200
+7.060
+0.153
+8.320
+1.070
+0.247
+0.674
+0.559
+0.455
+1.420
+0.139
+8.980
+54.740 +10.220
+3.228 +0.362
+5.214
+4.485
+1.411
+4.350
+3.252
+4.921
+3.476
+2.810
+1.931
+1.065
+0.791
+4.500
+1.681
+1.293
+1.384
+1.096
+3.000
+1.227
+1.546
+1.364
+7.680
+17.000
+9.890
+16.930
+39.320
+1.000
+12.710
+4.432
+0.965
+3.549
+2.971
+1.643
+5.360
+1.545
+14.480
+1.859
+0.470
+1.033
+0.882
+0.700
+1.280
+1.050
+0.690
+7.510
+0.000
+8.270
+1.053
+0.244
+0.662
+0.554
+0.447
+1.400
+0.137
+8.810
+54.840 +10.010
+3.236
+5.136
+4.478
+1.361
+0.441
+3.258
+4.919
+3.432
+2.818
+0.356
+1.923
+1.042
+0.806
+0.442
+1.643
+1.263
+1.372
+1.072
Table 12
SELECTED FACTOR LOADINGS -- FIRST FIVE FACTORS
Rotated Orthogonal Factor Loadings on Twenty-eight Variables Associated with Vehicular
Trips Containing Only Driver in the Car -- Centroid Solution with Fixed Communalities
(Values approximately .5 or higher)
Factor A B C D E
Variable 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
Variable 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
-. 612
-. 710
+.749
+.681
+.649
+.784
+.655
+.588
+.609
+.684
-. 658
-. 722
+.633
+.685
-. 405
-.509
+.578
-. 411
-.494
+.405
Scale value of occupations
Median sex-race
Purpose from home
Purpose to home
Time of trip -- morning median from home
Time of trip -- afternoon median from home
Time of trip -- morning median to home
Time of trip -- afternoon median to home
Median age of auto-drivers
Distance from CBD
Socio-economic type
Average number of cars per household
Average length of residence
Average number of persons per household
Average number of persons making trips (passenger trips included)
Median year of car models
Table 12 (continued)
Variable 17 Average make of cars
18 Average value of structure
19 Percentage of potential trip-makers making trips
(includes passenger trips)
20 Average number of trips per person making trips
(passenger trips included)
21 Median number of trips (passenger trips included)
22 Average number of trips per car (vehicular traffic)
23 Number of vehicular trips per developed acre
24 Number of developed acres per household
25 Average number of trips per car, two-car households
26 Average number of trips per car, one-car households
27 Homogeneity factor -- in terms of car type and age
28 Homogeneity factor -- in terms of real estate values
Percentage of Variance Attributable to Each of Five Factors
Factor
A
Per Cent of
Variance
25.1
10.4
Table 13
SELECTED FACTOR LOADINGS -- FIRST FIVE FACTORS
Rotated Orthogonal Factor Loadings on Twenty-nine Variables Associated with Vehicular
Trips Containing Driver and One or More Passengers in Car --
Centroid Solution with Fixed Communalities
(Values approximately .5 or higher)
Factor A B C D E
Variable 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
"29
Variable 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
-. 583
+.491
-. 589
-. 509
+.531
-. 628
+.789
-. 567
+.690
+.723
+.852
+.735
+.621
+.610
+.770
+.536
-.540
-. 538
Scale value of occupations
Median sex-race
Purpose from home
Purpose to home
Time of trip -- morning median from home
Time of trip -- afternoon median from home
Time of trip -- morning median to home
Time of trip -- afternoon median to home
Median age of auto-drivers
Median number of persons in car
Distance from CBD
Socio-economic type
Average number of cars per household
Average length of residence
Average number of persons per household
Average number of persons making trips (passenger trips included)
Table 13 (continued)
Variable 17 Median year of car models
18 Average make of cars
19 Average value of structure
20 Percentage of potential trip-makers making trips
(passenger trips included)
21 Average number of trips per person making trips
(passenger trips included)
22 Median number of trips (passenger trips included)
23 Average number of trips per car (vehicular traffic)
24 Number of vehicular trips per developed acre
25 Number of developed acres per household
26 Average number of trips per car, two-car households
27 Average number of trips per car, one-car households
28 Homogeneity factor -- in terms of car type and age
29 Homogeneity factor -- in terms of real estate values
Percentage of Variance Attributable to Each of Five Factors
Factor Per Cent of
Variance
21.9
14.6
Table 14
COEFFICIENT OF MULTIPLE CORRELATION BETWEEN AGENCY
NUMBER OF VEHICULAR TRIPS BY ZONE AND SELECTED SOCIAL
CHARACTERISTICS OF HOUSEHOLDS AVERAGED BY ZONE
(Trips with Driver Only)
R1. 2 34 5 = .809
Where: Beta Coefficient
R = average number of trips per zone
R2 = average value of occupations per zone -.451
R = average value of structure per zone -. 467
R = average per zone of the make by price
of cars 
.435
R5 = distance of the zone from the CBD .165
Table 15
COEFFICIENT OF MULTIPLE CORRELATION OF MEDIAN NUMBER OF
VEHICULAR TRIPS PER ZONE WITH AVERAGES OF NUMBER OF
VEHICLES AND PERSONS PER HOUSEHOLD
R1. 2 3 = .809
Where: Beta Coefficient
R = median number of trips per
household per zone
2 = average number of vehicles
per household per zone .686
R = average number of persons
per household per zone .179
Table 16
COEFFICIENTS OF CORRELATION BETWEEN MEDIAN NUMBER OF PASSENGER
TRIPS PER ZONE AND AVERAGE NUMBER OF TRIPS
BY ONE- AND TWO-VEHICLE HOUSEHOLDS
Correlation
Coefficient
Average Number of Trips per
Two-Vehicle Household
Average Number of Trips per
One-Vehicle Household
Table 17
COMPARISON OF ZERO-ORDER COEFFICIENTS OF CORRELATION BETWEEN
VEHICULAR TRIPS AND VEHICLES AND HOUSEHOLDS COMPUTED BY
TOTAL NUMBERS PER SURVEY ZONE AND BY NUMBER
PER SURVEY ZONE ACRE -- FORTY-ONE SURVEY ZONES
Coefficients of Correlation "r"
Vehicles per Survey Zone Households per Survey Zone
Vehicles per survey zone
Vehicular trips per survey zone .981
For Number per Acre by Survey Zone
Vehicles per Acre by Survey Zone
Vehicles per acre per survey zone
Vehicular trips per acre per survey zone
Households per Acre by Survey Zone
.758
.939 .836
.946
.924
Table 18
SIZE OF FORTY-ONE SURVEY ZONES IN DEVELOPED ACRES
Number of Acres Number of Zones Number of Acres Number of Zones
25- 49 2 200-224 3
50- 74 4 225-249 2
75- 99 4 250-274
100-124 7 275-299 2
125-149 3 300-324 2
150-174 4 325-349 -
175-199 7 350-374 1
Table 19
VEHICULAR TRIPS PER DEVELOPED ACRE ZONE BASED ON HOUSEHOLD
SAMPLE -- FORTY-ONE SURVEY ZONES
Trips Per Acre Number of Zones Trips Per Acre Number of Zones
0 - .24
.25- .49
.50- .74
.75- .99
1.00-1.24
1.25-1.49
1.50-1.74
1.75-1.99
2.00-2.24
2.25-2.49
2.50-2.74
2.75-2.99
3.00-3.24
Ave. = 1.49
S.D. = .77
Table 20
PERCENTAGE BY ZONE OF POTENTIAL TRIP-MAKERS REPORTED
MAKING TRIPS -- FORTY-ONE SURVEY ZONES
Per Cent of Trip-Makers Number of Zones
Making Trips
Less than 34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
TOTAL
Average 55.5
Table 21
TRAITS RELATED TO TRAFFIC GENERATION OF LOW, AVERAGE, AND HIGH TYPES
OF ZONES DEFINED BY PER CENT OF TRIP-MAKERS POTENTIAL MAKING TRIPS
(Per Cents Are of the Totals for All Zones)
Type (1) (2) (3) (4) (5) (6) (7) (8)
9.7 9.9
26.4
23.0
27.2
19.9
5.0
27.3
32.6
.87 3.9
2.11
1.35 1.4 7.1
Per cent of households in total household sample
Per cent of vehicles owned in sample
Per cent of all vehicular trips in sample
Per cent of vehicular trips made by families owning one car
Per cent of vehicular trips made by families owning two cars
Vehicular trips per developed acre
Occupational level (low values show higher occupational value)
Average number of vehicular trips per household
Medium
High
14.7
26.6
17.3
12.6
26.2
19.8
Table 22
VOLUME OF INTERCHANGE BETWEEN ZONES, TRIPS TO CBD AND INTRAZONE
TRIPS -- FORTY-ONE SURVEY ZONES
Zone Number of Interchange Trips to CBD Intrazone
Number Trips (Zones 101 & 301) Trips
23,217
5,332
6,227
1,053
6,152
5,087
2,394
2,274
3,418
9,750
6,130
5,150
976
5,212
4,126
2,148
3,506
3,101
1,878
682
6,709
6,239
5,294
2,830
4,464
3,296
14,054
7,817
4,130
6,477
5,257
4,970
2,917
349
2,677
1,851
725
4,223
2,352
2,514
4,045
508
583
843
44
806
646
281
175
509
822
768
591
61
800
369
247
412
398
161
75
765
498
425
386
536
214
508
1,216
453
860
1,080
804
388
55
201
318
83
395
293
304
508
191,003 19,369
1,428
376
625
7
819
978
247
347
166
561
551
595
19
785
106
205
162
265
80
19
641
355
310
533
322
180
792
783
143
1,006
708
1,049
558
10
60
176
0
250
30
275
258
16,780TOTAL
Table 23
COMPARISON OF RANKINGS BY ZONES FOR TOTAL NUMBER OF
PASSENGER TRIPS AND
TRIPS --
FOR TOTAL NUMBER OF INTERCHANGE
FORTY-ONE SURVEY ZONES
(1) (2) (3)
Zone Number Ranking -- Ranking -- Difference in
Interchange Passenger Ranks
Trips Trips (3) - (2)
Table 24
NUMBER AND DISTANCE OF TRIPS REPORTED FOR AVERAGE
SPRING WEEKDAY INTERCHANGE BETWEEN INTERNAL ZONES
(From Internal Survey)
Distance Number of Distance Number of Distance Number of
(1 Miles) Trips (- Miles) Trips (- Miles) Trips
4,347
19,872
20,166
19,965
14,303
11,515
12,505
6,051
6,125
3,996
3,234
2,222
1,953
1,235
1,022
569
TOTAL 129,964
Table 25
RATIO OF THE ACTUAL NUMBER OF TRIPS OF A GIVEN LENGTH
TO THE ACTUAL NUMBER OF DISTANCES OF THE SAME LENGTH
BETWEEN ZONES EXCHANGING TRIPS
(1) (2) (3) (4)
Distance in Number of Total Number of Ratio of Total Number
½ Miles Trips Distances of Zone Distances to
Between All Zones Trips
(2) + (3)
24,220
40,131
25,818
18,556
10,121
5,456
2,188
1,591
564
187
84
46
Table 26
NUMBER OF PASSENGER TRIPS MADE BY NON-STUDENT
HOUSEHOLDS AS REPORTED IN
HOUSEHOLD SURVEY
Number of Passenger
Trips
Per Cent of Sample
Households Making This Number of Trips
1-4
5-8
9-12
13-16
17-20
21-24
25-28
29 and over
31.7
29.7
16.6
7.5
5.4
2.3
1.3
1.0
Number of Households = 1,693
Table 27
MEDIAN NUMBER OF VEHICULAR TRIPS PER SURVEY
HOUSEHOLD -- FORTY-ONE SURVEY ZONES
Median Number of Number of
Trips Zones
Table 28
PER CENT OF ALL SAMPLE NON-STUDENT HOUSEHOLDS CONTAINING
TWO VEHICLES AS REPORTED BY ZONE
Per Cent of Households Number of Per Cent of Households Number of
With Two Vehicles Zones With Two Vehicles Zones
0 6 21-25 2
1-5 6 26-30 2
6-10 7 31-35 2
11-15 7 36-40
16-20 8 41-45 1
TOTAL 41
Table 29
COMPARISON OF TYPES OF ZONES CLASSIFIED BY 
PROPORTION
OF POTENTIAL TRIP-MAKERS MAKING TRIPS
Type Proportion
of Trip-makers 1 2 3 4 5 6
Making Trips
Medium
H igh
Number of two-vehicle households
Average number of vehicular trips for two-vehicle households
Number of one-vehicle households
Average of vehicular trips for one-vehicle households
Total number of households
Average number of vehicular trips for households in type



the CBD where residential apartments were
found over commercial properties. The use
of only the residential acres as a basis for
predicting total number of trips from a
survey zone consistently under-estimated the
density per acre of households and vehicles
for the whole survey zone. This difficulty
was avoided by using the classification of
developed acres for each zone which were de-
fined as noted above. These considerations
indicate that it is not a statistical arti-
fact derived from the distribution of the
data which is ostensibly reducing the
correlation.
A second possibility, which may
explain the reduction in the correlation
coefficients between number of vehicles,
number of vehicular trips, and number of
households when measured per acre rather than
by number per survey zone, is that using
acres as a base may introduce the influence
of some intervening variable into the
correlations. Discovery of such variables
and detection of their influence is not
always possible in a case such as this.
Fortunately, however, information developed
concerning the classification of survey zones
according to the proportion of potential
trip makers reported as making trips sug-
gested why the coefficients of correlation
in question were reduced. The gist of this
information is contained in Tables 20 and 21
which give the basis of a tri-partite class-
ification of survey zones which distinguishes
zones which are high, average, and low in
proportion of potential trip-makers making
trips. This classification appears to single
out patterns of social characteristics of
households correlated with traffic. Column 6
of Table 21 shows that survey zones which are
average in traffic production by this tri-
partite classification indicate the highest
rate of vehicular trip production per acre.
This fact that the highest rate of trip
generation per acre is not characteristic of
the zones containing the households with the
highest rate of trip production is sufficient
to explain the reduction in size of coef-
ficient correlations between the items in
question. Other implications of this con-
dition will be discussed below.
B. THE RANGE IN NUMBER OF TRIPS PER
DEVELOPED ACRE
The utility of the procedure for
reducing trip production by households to a
density measure relative to the number of
acres occupied by households is that the
measure produced can be applied to any
community. Also, the area serviced by a
community roadway network can, through density
measures, be defined in terms of varying
gradients of trip production which indicate
the physical areas which generate the traffic
fed into the network. The utilization and
interpretation of such a measure calls for
estimation of its range and of factors which
account for the variation represented by this
range. The range of the findings for trips
per acre are indicated in Table 19.
The distribution in this table of
vehicular trips per developed acre is rea-
sonably symmetrical about the mean of 1.49.
In fact, the distribution appears more normal
than many of the highly skewed distribution of
traits associated with traffic generation.
C. ESTIMATING TOTAL TRAFFIC GENERATION
FROM DENSITY PER SURVEY ZONE
The problem of determining the
traffic generating potential of each zone
one is, however, complicated by the necessity
of allowing for sampling error which may be
contained in the data found in Table 19. The
number of vehicular trips per acre reported
in this table are based on the 12½ per cent
sample of households in Champaign-Urbana
selected for the household interview. The
estimation of the actual trips per acre would,
therefore, call for multiplying each of the
class intervals by eight to compute the
vehicular trips for 100 per cent of the house-
holds in the survey zone. Unfortunately,
however, the number of cases in the distri-
bution is so small that useful confidence
limits for the distribution cannot be estab-
lished for zones at the extreme values.
Therefore, any attempt to estimate the total
trip production must use the average for the
whole distribution and not the average of
each zone.
Following this procedure the number
of trips per acre was multiplied by a factor
of eight (assuming that a 12- per cent sample
of all households in the community was taken)
and these results are obtained: An average
of 11.9 trips would be generated for each
developed acre. Since there are 6,655 de-
veloped 79,194 vehicular trips. An allowance
is made for the standard error of estimate of
.122 for the distribution in Table 19, then
the 5 per cent confidence level for the mean
is from 1.25 to 1.73. If the mean were
actually the largest value within the con-
fidence limits, some 92,104 vehicular trips
could have been produced by the survey zones.
When the estimation of community
vehicular trips by this method is compared
to the observed vehicular trips, the follow-
ing picture emerges. Some 167,000 internal
vehicular trips were reported. ( 12) Of these
about 72 per cent were attributed in the
present study to non-student households; the
balance was attributed to student households.
Therefore, the present method should have
accounted for at least 72 per cent of the
observed trips, about 120,700. According to
this value the mean number of trips per acre
in Table 19 would predict only about 65 per
cent of the actual non-student trips and the
highest value of the mean reasonably compat-
ible with sampling error would account for
76 per cent of observed trips. The size of
this discrepancy between estimated and actual
trips is considerable, although it should be
noted that as in the survey vehicular trips
reported were only 67 per cent of cordon line
counts of such trips.
This discrepancy between the number
of trips estimated by the trips per acre
method and the observed trips cannot be, as
in the survey report, resolved through use of
an expansion factor because the actual source
of the discrepancy is not clear. There
appear to be at least three sources of such
a discrepancy. First, there is the possi-
bility that the household interview did not
actually reach a 12½ per cent sample of the
community population because the directories
on which the sample was based did not actually
contain the listings of all the households in
the zones. It is generally accepted that
community directories may not always be up to
date and may not be fully reliable for the
lower socio-economic groupings. Yet, such
possible under-estimation in the master sample
could not have been very large because the
U.S. Census of 1960 for Champaign-Urbana gave
a population figure consistent with the
estimate for 1958 on which the 12½ per cent
sample was based.
A second source of discrepancy may
be the role of student trips in the production
of the vehicular trip total. Analysis was
not made of the per acre trip production by
student household, and it may be that the
assumption of the proportion which these
households contributed to vehicular trips by
acres is not correct.
A third source, of course, is
respondent error in reporting the number of
vehicular trips. The fact of such error is
suggested by the need for an expansion factor
to bring reported trips and observed trips
into agreement. It is possible that all
three of these sources of discrepancy were
operating with bias in the same direction so
as to produce the difference between trips
estimated by acres and the actual observed
trips. It would appear that study of the
data of other surveys is required to deter-
mine the utility of the method of estimating
the total number of vehicular trips from the
average number of trips per acre and to
standardize the procedure for such a method
if it appears feasible.
D. SOCIAL TRAITS ASSOCIATED WITH TRAFFIC
GENERATION BY ZONE DENSITY
One final observation might be
drawn from measures of trips per acre. This
point concerns a comparison of the observable
characteristics of survey zones which generate
a relatively low number of vehicular trips
and those which produce a high number of
such trips. A comparison of the five zones
highest to the five zones lowest in number
of trips per acre showed the following. Zones
high in trips per acre were predominantly
single-family residences containing small- to
middle-size houses and lots. The zones were
in relatively older areas of the community,
there were practically no empty lots; public
space of facilities such as parks, churches,
etc., were relatively few in number and low
in ground coverage. These zones tended to be
intermediate in community location between
the CBD and suburban fringe. These zones were
relatively alike in all of these character-
istics.
By contrast zones low in trips per
acre were far more heterogeneous in char-
acteristics. They included a CBD zone, a
zone containing new subdivisions in which
there were both large lots and empty lots, a
zone which included industrial and railroad
property, a zone with much public space in-
cluding a cemetery, and a zone of varied land
uses. These zones could be found in any area
of the community. In general, they were resi-
dentially undesirable or contained a large
number of public or institutionally controlled
land areas. If residentially desirable the
lots were large and many were empty. These
two types of zones would attract households of
different socio-economic levels. The real
difference in the rate of trip generation,
however, seems to be attributable to the dif-
ferences in the proportion of the zone which
is devoted to residential use. At the same
time it is significant that none of the zones
which were highest in measures on the socio-
economic scale were among the highest in trip
generation per acre.
E. A "PUSH-PULL" MODEL OF TRAFFIC
INTERCHANGE BETWEEN ZONES
The previous discussion has indi-
cated that the method of reducing vehicular
traffic to trips per acre requires some re-
finement if it is to predict actual vehicular
trips accurately. At the same time, however,
this method as employed here shows that it is
not simply the average rate of trip generation
per household in a survey zone which accounts
for volume of produced trips by the area of
the zone, but that the density of households
per acre in the zone in combination with the
rate of trip generation by these households
accounts for traffic volumes produced. The
conclusion might then be drawn that households
themselves are the primary traffic generators,
but that the household density per acre con-
tributes to the volume of traffic from a
specified land area. This principle defines
what might be called the push to traffic
volumes generated by a specified area, or the
tendency of the population of a specified area
to put their vehicles into movement on the
community highway system.
The length of the trips, or the
distance traveled, and the direction of the
trips may be regarded as the pull of the
local traffic system. The nature of this pull
and of procedures for measuring and analyzing
it has been explored in a number of studies.
The Detroit and Chicago transportation studies
summarized many of these findings and pro-
cedures. From these reports a number of con-
clusions can be drawn. First, the inter-
change of trips between two zones is directly
proportional to the trip production of each
and is indirectly proportional to the distance
between them. Second, interchange between
zones is practically symmetrical; that is, an
equal number of trips go each way in the
interchange between two zones. Third, the
distribution of trips by length is not a
statistically normal distribution, but rather
approaches a log normal or exponential curve.
This condition seems to result from the fact
that as the number of trips in a household
increase, the average length of trip decreases
This tendency is also associated with the
propensity of the number of purposes to in-
crease as the number of trips increase. For
example, certain trips such as those for work
which occur as purposes in almost all trip-
making households will necessarily be of
greater average length than certain other
purposes such as social-recreational. Fourth,
the CBD and adjacent area constitute the one
single area which is the destination of the
most trips of any area in the community. At
first sight this might seem to contradict the
principles of traffic flow stated above,
since the CBD appears to attract trips with
equal facility from areas which are both near
and far away. Actually the CBD and adjacent
areas in most communities have only a limited
push in trip production per acre or square
mile, and the huge volume of interchange
traffic between the CBD and the rest of the
community has its origin in the pull dimension
of the community traffic system.
It would appear then that a pre-
dictive model of the pattern of traffic flow
in a community could be stated in terms of
the tendency toward equilibrium of the push
and pull dimensions of the community traffic
system. These dimensions as they are express-
ed in the data normally secured through
origin-destination surveys can be defined as
follows. Push is the propensity of house-
holds to use their vehicle or vehicles to
satisfy needs or desires of the members of the
household which can be satisfied only outside
of the household. These needs or desires are
represented by the "trip-purposes" tradition-
ally reported in origin-destination surveys.
In almost every case of a purpose it calls
for a transaction with someone else, or an
activity limited to a prescribed place such as
some forms of work or of social-recreational
behavior. The trip purpose "to home" is not
by definition part of push since it does not
involve a desire to be satisfied outside the
household. Logically, from the viewpoint of
the household member making the trip, the
return is actually part of the cost of the
trip.
The push-pull concept of community
traffic generation sees traffic as an aspect
of community consumer economics. Households
are the purchasing or consuming units, and
they seek to maximize their profits which, as
in any economic transaction, are rewards less
costs. The reward in this case is the satis-
faction of trip purpose, shopping, medical-
dental work, etc. One element of the costs
is the trip-making itself as it can be con-
verted into expenditure of time, costs of gas
and oil, and/or the inconvenience of the con-
ditions of travel. This economic analogy has
been applied to trip generation by business
enterprises where accounting and bookkeeping
make easy the estimate of transportation costs
but it has been rarely utilized with house-
holds in the community because of the dif-
ficulty of estimating how households maximize
their profits from their own trip generation.
The findings of the present study suggest a
measure which apparently gives some estimation
of the profits perceived by household members
through making trips. This statistic is the
proportion of the potential trip-makers in the
household who actually make trips. This mea-
sure can also be computed for the whole survey
zone.
F. POTENTIAL TRIP-MAKERS AS AN INDEX OF
"PUSH" TO TRAFFIC PRODUCTION
The range in the proportion of
potential trip-makers making trips when com-
puted by survey zone is both considerable and
reasonably symmetrical as is shown by Table
20.
On the basis of the distribution
shown in Table 20, it was possible to derive
three types of zones, one low in potential
trip-making, one average, and one high in this
trait. The average zones, eight in number,
were those which were either the mean or
median values in the distribution; the low
zones were one standard deviation below the
mean and included seven zones in which 45 per
cent or less or potential trip-makers made
trips; and the high zones were one standard
deviation above the mean and included the
seven in which 65 per cent or more of trip-
makers made trips. The types, therefore,
included 50 per cent of the actual cases
located at the extreme and central points of
the distribution.
When a number of variables assoc-
iated with traffic generation are arranged by
these types, several significant points be-
come apparent as can be seen in Table 21.
Table 21 is a dramatic depiction of
the marked differences between types of zones
in push or propensity to produce trip volumes.
The high type zones which, in toto, contain
only slightly more households than the low
type produce almost 2.5 times as many vehicu-
lar trips and almost 5 times as many trips
among households owning two cars. The aver-
age type of zone is also of interest because
it produces trips of all categories almost in
an exact proportion to its number among all
households. It is this fact which suggested
that the proportion of potential trip-makers
making trips was a good index of push.
This index of push based on the
proportion of potential trip-makers making
trips appears to be useful for several
reasons. For one, the category of medium
established a norm or average for many aspects
of traffic generation measured by survey zone.
This category produces both one- and two-
vehicle household trips in accordance with
its proportion of households in the total
community. It appears to be average in the
community economic-occupational level, and,
in the findings recorded in Table 21, this
class of zones deviates from the intermediate
position expected in terms of the number of
households in this category only with respect
to the item "vehicular trips per developed
acre." This norm, therefore, gives some
suggestion both of influences which contribute
to push and of the physical amount of traffic
generation which develops from the present
pattern of zones. Economic-occupational
level is the most obvious single character-
istic which distinguishes high push zones
from medium and low categories. Increase of
this level in a community population might be
expected to increase traffic production.
However, from the present data, it is not
clear if the tendency of the category high in
potential trip-makers who make trips to gen-
erate more traffic per household is a product
simply of the higher economic resources of
these households or if it also is part of the
"way of life" of these households such that
vehicles are used to satisfy more than an
average number of trip purposes. Certainly
the households in this category are more prone
than others in the community to incur the
costs of trip generation. In so doing they
set the upper limit of the community push
contained in the pattern of traffic production.
G. ECONOMIC BASE AS SOURCE OF "PULL"
What then are the dimensions of the
pull which constitutes the second element in
this assumed equilibrium model of traffic
patterns? In a sense pull is the purpose for
which a trip is made. In almost all cases
the purpose is to enter into some transaction
for which the member of the household gets
some reward, for example, the salary or wages
from appearing at the place of work, the
purchases of goods or services, attendance at
a school, etc. The opportunity for entering
into such transactions are provided by a
variety of agents throughout the community,
i.e., employers, merchants, purveyors of
services, social acquaintances, restauranteurs,
etc. The totality of such opportunities for
transactions by members of the households
constitutes the pull of the community traffic
system.
Consumer economics may supply the
principles for understanding the conditions
under which agents supply the pull opportun-
ities for transactions by members of house-
holds. Briefly, the contribution of economic
base analysis which seems to apply in this
situation is the difference between the export
base and the service base of a local economy.
Export base economic activity involves prod-
ucts which are exported from the community and
is, therefore, fundamental to the size,
prosperity, and level of economic activity of
a community. Service base economic activity
involves supplying goods and services to
maintain the resident population of the
community.
These two kinds of economic bases,
export and service, give a structure to the
pull dimension of the community traffic system
because they offer two distinct kinds of
transactions to household members. In service
base activity the members of the household
are the clients or market of the agents offer-
ing transaction opportunities. Examples of
such a relation are shopping, eating, personal
business, etc. The export base sector of the
local economy in its relation to households
operates primarily as an employer and in this
situation members of the household are es-
sentially competing for employment in export
base firms. This situation reverses the re-
lation of the household to service base enter-
prises who are essentially competing for the
household patronage.
This particular model also implies
that certain associated factors will be work-
ing to influence the pattern of land use and
the spatial distribution of functions in the
community. For the export base enterprises,
choice of location of plant is mainly in-
fluenced by considerations pertinent to a
market outside the community, and in general
these seem to center on accessibility of
appropriate transportation facilities and
utility resources. The service base enter-
prises, however, use a different strategy in
determining place of location. Their location
reflects the aim to maximize the accessibility
of the place of transaction to the household
clientele. Thus, there are two different
tendencies at work to influence the locations
at which pull of the community traffic system
is to be realized. One appears to be
relatively independent of the distance from
a household required for the trip purpose
"to work," while the other, involving most
other trip purposes, operates to minimize the
required length of trips from households.
The extent to which service base
enterprises can locate their functions to
achieve maximum accessibility is limited by
the degree of specialization of their
products. An item or service which by its
nature is specialized, meaning that it is not
regularly procured by a considerable and
predictable proportion of the local population,
is more likely to be offered at few locations
in the community and the clientele of this
item will be drawn from the whole community.
By contrast an item which is standardized and
is used frequently by a large proportion of
the local population will be offered at many
locations diffused throughout the community
and will, presumably, be secured by inhabit-
ants of the adjacent area.
Traditional examples of these two
kinds of enterprises are the downtown
specialty store and the neighborhood shopping
center. For example, expensive women's hats
and accessories will be purchased in down-
town specialty stores while children's cloth-
ing and men's work clothes can be purchased
at neighborhood shopping centers. It is
argued by Futterman and others that there will
always be a demand for specialized items and
services which normally will be offered in
the CBD, and that the decentralization of
most commercial and other functions in present
cities represents the relocation of enter-
prisers who are dealing with standardized
items which have a broad mass market. Con-
cerning households as clients, the pull di-
mension of the traffic system is apparently
adjusting itself to the push dimension. It
must be kept in mind, of course, that the
original pattern of land use in most American
cities was planned under a prevailing system
of public transportation along fixed lines of
access such as railroads or streetcars. The
adaptation of push and pull dimensions here
described probably did not become general
until after World War II.
It is the fact that members of
households make many short trips to secure
standardized and frequently used items and
services and fewer longer trips for more
specialized products which indicates how the
push dimension is crucial to the prediction
of traffic production. For example, a member
of the household makes a shopping trip to
secure cigarettes and soft drinks, highly
standardized items. It is predictable in
most cases that the trip will be short because
these products will be available within a
limited distance. Supposing, however, that
the household is in a new sub-division the
trip, by necessity, may be longer if no stores
have yet been built. It can be assumed
that in time stores will be built and trip
distances for shopping shortened. Push and
pull in the community traffic system,
therefore, are presumably components of a
system tending toward equilibrium. At the
moment in many communities, the push dimension
is changing rapidly as the socio-economic
level of an increasing proportion of the com-
munity improves. Despite this state of flux
among the components, it is possible to
attempt to account for traffic patterns using
some of the propositions developed herein.
Central to these concepts is the notion that
the basic tendency of households is to max-
imize the proportion of household members who
make trips. From this assumption a number of
consequences follow, the most important being
a rationale for the push-pull model of traffic
patterns which has been developed above.
H. TRIP INTERCHANGE BETWEEN ZONES AS AN
EQUILIBRIUM OF "PUSH-PULL"
As was previously stated, the
essential features of this model as a de-
scription of patterns of community traffic
generation have been expressed in various
kinds of origin-destination studies. The
model as described evolved in the course of
the present study as a systematic description
of the findings which emerged from the an-
alysis of the Champaign-Urbana data. It
further suggested several hypotheses about
community traffic which could be tested with
these data and thereby provide, somewhat
indirectly, evidence of the possible utility
of the model as description and prediction
of community traffic patterns. The explora-
tion of the applicability of the push-pull
model to the findings begins with the survey
results concerning traffic interchange
between zones including the CBD.
The official report on the Champaign-
Urbana survey prepared by the Division of
Highways of the State of Illinois gives the
results in the standard form which, in regard
to vehicular interchange, was both tabular and
cartographic.(13) Some of the propositions
developed thus far in this present study sug-
gest the underlying conditions influencing the
reported traffic patterns. These propositions
are: (1) volumes of vehicles on the community
highway system reflect the vehicle density per
acre in the survey zones and the prevailing
rate of trip-making by households in these
survey zones; (2) trip interchange between
zones is symmetrical; and (3) trip interchange
between zones follows a push-pull model, but
the CBD appears to attract trips from greater
distances than other zones.
The testing of the zone interchange
data against these propositions was accomp-
lished in the following manner. The inter-
change data in the tables noted was consoli-
dated in the form shown in Table 22.
The problem of testing the appli-
cability of the push-pull model to the data
of the present study is complicated by two
characteristics of the Champaign-Urbana com-
munity. One of these is the large proportion
of households defined as student and the con-
centration of these households with their
distinctive trip generation pattern in the
survey zones about the campus. The second
condition is the bifurcated CBD, and two nodes
of which are roughly two miles apart. It was
decided to meet these complications by making
the analysis through use of the method of
ranking. This method emphasizes the relations
between the items compared rather than some
absolute measure of attributes of items.
Relativity in respect to measures of traffic
generation seemed adequate in this case
rather than some absolute index. The items
to be analyzed were the zones contained in
Table 22 and the comparison of rankings was in
terms of the traits reported in the columns of
the table plus zone rankings on total number
of passenger trips per zone (Table 2,
Appendix A). The total ranking of the number
of passenger trips generated by a zone was
regarded, for this analysis, as a first ap-
proximation of the relative push of the zone
in the local traffic system. Pull of a zone
was indicated by the difference between the
ranking for total trips generated and the
ranking for the total interchange with other
zones reported for the zone. Rankings of
zones on number of trips to the CBD and the
number of intra-zone trips were also made.
The procedure of this method is shown in
Table 23.
Before developing implications of
the results of Table 23, one further point
might be made as to the pertinence of analyz-
ing traffic data through ordinal scales such
as those represented by rankings. This point
concerns the fact that desire lines or tables
which show the desired end of trips do not dis-
tinguish, as they are shown by present tech-
niques in origin-destination studies, between
the pull of an area and the return to an area
with the purpose as "home." The return of a
vehicle to its home zone is indirectly related
to the push of the zone because push is an in-
dication of the number of times the household
vehicle or vehicles leave the zone. The as-
sumption here is that all the intervening trips
before the return to home are not made in the
course of one round-trip. Also, if there are
three-cornered trips, there are equilibrating
trips to maintain the principle of symmetry of
interchange between zones. This point may be
clarified by examining a desire-line map and
observing that while desire lines show both
direction and amount of traffic between zones,
they do not make clear how much of this traffic
is actually returning to home.
I. TRAITS OF ZONES VARYING IN "PUSH"
AND "PULL"
The differences in rankings of zones
as demonstrated in Table 23 were also computed
between total passenger trips and both intra-
zone trips and trips to the CBD. Analyses of
the results of these computations provide the
following observations relative to the push-
pull model. First, as results in Table 23
suggest there is a reasonably high positive
correlation between the ranking of a zone with
respect to the total number of passenger trips
it generates, and the ranking of other forms
of zone traffic production. In Table 23
barely a quarter of the zones show a marked
difference, in this case nine or more rankings
between the two sets of ranks. The ten devi-
ant cases, are, however, instructive relative
to the hypothesis of push-pull in traffic
generation. The six cases high in ranking on
interchange trips but low in passenger trips,
thus presumably demonstrating high pull, are
the two CBD zones each with two immediately
adjacent zones. The four zones ranking low in
interchange trips but high in passenger trips
and thus low in pull, were all zones on the
perimeter of the internal survey area and all
showed above average production of passenger
trips per household. It is obvious, there-
fore, that the CBD area exerts unusual pull;
it draws traffic from the other zones to an
extent beyond what would be expected by a
gravity model. In this sense these results
are a kind of confirmation of the validity.
of the propositions entering into the push-
pull model. The same results, however, raise
a question unanswered by these data: Does
the pull of the CBD rest in the attraction
offered by the functions performed there, or
could it be simply the fact that the CBD area
because of its location offers maximum physi-
cal accessibility and for this reason becomes
the destination of so many trips? The source
of this question is the fact that only zones
which are least accessible because of their
location on the perimeter of the survey area
which were low in pull. The differences
between zone rankings in total passenger
trips, trips to CBD, and intrazone trips were
examined to aid in the resolution of this
question.
The procedures used in Table 23 were
applied to rankings of the number of trips
from zones to the CBD as reported in Table 22.
Here again the results indicated that for most
zones the number of trips made from the zone
to the CBD was proportional to the total
number of passenger trips generated by the
zone. The significantly deviant cases were
divided into two groups of five, one for which
the CBD exerted a low pull, and the other for
which it showed a high attraction. The former
category contained two types of zones, one
producing a large number of student passenger
trips relative to the number of non-student
trips; the others were zones on the perimeter
of the internal survey area. Apparently
student households are less prone than non-
student households to produce trips to the
CBD. The zones for which the CBD showed high
attraction were the same CBD and adjacent
zones which in Table 23 had shown strong pull.
This discovery was indeed puzzling because it
indicated that the separated CBD's were the
major destinations of each other and that
some zones adjacent to the two CBD's were
sending surprising volumes of traffic into
the CBD's. A conclusion suggested by this
finding was that the CBD and area around it
becomes the focus of multi-destination traffic
from the rest of the community.
J. INFLUENCES ON INTRAZONE OR SHORT TRIPS
This last conclusion was furthered
from the study of the rankings of intrazone
trips. This study had begun from the hypo-
thesis that short trips would be most char-
acteristic of zones with a high rate of trip
generation by households and that these short
trips would be made in or near the zone of
residence. If such were the case the rankings
of intrazone trips would demonstrate these
zones which had a higher proportion of short
trips. Again, the results did not confirm the
hypothesis. Intrazone trips appear positively
correlated for a high proportion of zones with
total passenger trips, and the deviant cases
did not show any zones with a high rate of
trips per household which also ranked high in
proportion of short trips. Rather, the zones
which were low in intrazone trips were pre-
dominantly those containing a high proportion
of student households. Either students used
their vehicles only to leave the zones or else
limited parking space and parking regulations
within these zones discouraged intrazone trips.
The zones high in intrazone trips were again
CBD and adjacent zones. This fact suggests
that interzone and intrazone traffic in these
areas are part of the same tendency and that
the pull of the CBD reflects its capacity for
multi-purpose satisfaction of trip-makers.
It is further suggested that perhaps a con-
siderable proportion of short trips may be
made in or about the CBD and at some distance
from the zone of origin.
This analysis of the rankings of
various measures of zone traffic generation
gives some support to certain of the proposi-
tions of a push-pull model of community
traffic. The points of interest concern mainly
the pull aspects of trip-making or the flow of
traffic once it is on the highway network.
The push element is fundamentally represented
by the proportion of households owning vehicles
and the rate of trip generation per household
by zone. The present analysis has shown that
these traits of zones are not particularly
significant in dealing with flow. For most
zones it does not matter if they are pro-
portionately large or small contributors to
traffic volume. The extent of interchange
with other zones, the amount which goes to the
CBD, the proportion which is local, all of
these indices are relatively similar in the
great majority of zones, regardless of their
rate of trip generation. Certain types of
zones, however, such as the CBD and adjacent
areas, zones with predominantly atypical
households such as students, and some zones on
the extreme periphery of the survey area,
demonstrate characteristically different traf-
fic patterns, i.e., deviations from the norm
in number of local trips, in ratio of CBD
trips, in proportion of exchange with other
zones, etc. In the case of CBD zones much of
this differential pattern is explained by the
fact that this area, because of its functions,
is a low source of initial trip origins and
highly ranked as an initial destination. At
the same time there is the question of the
extent to which distance between zones effects
the flow of travel between them. Is it pos-
sible that some proportion of the pull of the
CBD is a product of its maximum accessibility
to all zones? The answer to this question
should further clarify the utility of the
push-pull model.
K. Distance of Vehicular Travel
The matter of the place of the
length of vehicular trips in any model of or
general theory of community traffic is not
clearly delineated. The exact influence that
friction of distance exerts either in reduc-
ing trip-making or in serving as a prediction
of how many trips will be made at what dis-
tance and in what type of community has yet
to be specified. Measures of distance, how-
ever, are taken as a matter of course in
origin-destination studies and are reported
in the literature which seeks to generalize
from these studies. The classic handbook of
Schmidt and Campbell, Highway Traffic
Estimation, (14 ) has shown that the length of
trips to work varies considerably by size of
community. The Chicago Area Study consoli-
dated findings from three major cities to show
there is rough agreement in the proportion of
trips of various lengths. A number of studies
have shown that there is a consistency in the
variations in length of trips by purpose with
journeys to work being of longer length in the
same community than other purposes. The find-
ings of the Champaign-Urbana survey were con-
sistent with these general conclusions. The
results of this survey, however, had to be
stated in smaller intervals of distance be-
cause the survey area was necessarily smaller
in scale than in the major metropolitan
studies. The Champaign-Urbana findings are
shown in Table 24.
The information in Table 24 shows
the pattern of shortest trips as being
markedly fewer than slightly longer trips.
It then shows a progressive reduction in the
number of trips as length increases. The
curve represented by this distribution pre-
sumably is influenced by the size of the
survey area and would, therefore, be difficult
to compare to the results from the Chicago or
Detroit surveys in which the internal survey
included trip lengths up to fifteen miles.
If it were possible to make the distribution
of trip lengths into a standardized measure
whereby communities of different size could
be compared, then the pattern of trip lengths
might contribute to a general theory of
traffic. An effort was made in the present
study toward such a standardization. This
effort began with the fact that the smaller
number of shortest trips did not seem to agree
with the proposition previously expressed that
maximization of the proportion of potential
trip-makers who make trips would tend toward
increasing the number of shortest trips.
L. COMPARISON OF TRIPS BY ACTUAL DISTANCE
TRAVELED TO POTENTIAL DISTANCE FOR TRAVEL
The method which was developed was
derived from the summarization of the distances
between survey zones. Data on the traffic
interchange between zones were available for
sixty-one zones, but ten of these zones
provided very little interchange. Actually,
slightly more than 100 pairs of zones
exchanged trips. The actual distance in half-
miles between the geographical centers of each
of these 100 pairs of zones was computed and
summarized in Table 25. This distribution
shows the range in distances between zones,
and it is noteworthy that the shortest dis-
tances are fewer in number than the medium-
length distances. This fact suggests that the
reason the shortest trips were fewer in number
than longer trips perhaps might be due to the
fact that a driver actually has fewer choices
in short distances to travel to another zone
than he has in medium-sized distances. This
possibility was tested by dividing the number
of trips shown in Table 24 by the number of
distances between pairs of zones interchanging
traffic with each other. The result of this
calculation is shown in Table 25.
The series of figures in column 4 of
Table 25 is not only practically linear in
respect to the ratio of distances to trips,
but it suggests a standardized formula which
might hold in the relation of these variables
in any community. It also suggests that the
possibility of making the shortest trips is
much higher than making medium or longer trips
when allowance is made for the actual number
of possible interchanges available to a trip-
maker at these various distances of zones
from each other. Table 25 introduces, through
consideration of the actual number of dis-
tances involved in potential interchange
between zones, a concept usually ignored in
the discussion of interchange.
M. A THEORY OF THE VOLUME OF AND DISTANCE
TRAVELED BY TRAFFIC
These various findings, relative to
distance traveled by trip-makers as related to
the number of destination zones at various
distances from the origin zone, suggest a
general theory covering length of trip as re-
ported in the Champaign-Urbana study and which
may pertain to traffic in other communities.
The elements of this theory are: (1) the
propensity to make trips appear to be most
closely linked to the characteristics of
households comprising the survey zones; and
(2) once vehicles are committed to the high-
way system the distance they will travel to a
destination is a linear function of the number
of distances to all other zones. This array
of distances is a function of the scale of
size of the community or, more correctly, the
scale of the survey area. It is possible,
therefore, that the clear linear relation
between the distance traveled by trip-makers
and the ratio of the actual distances between
paired zones and the number of trips made
between these zones would hold in any com-
munity regardless of its size.
The reasoning behind this theory is
somewhat different from that developed in the
Chicago area study as "A Descriptive Theory of
Urban Travel,"(15) for it assumes that the
original volume of trips produced by a zone is
a function of the socio-economic level of the
households in the zone. The distances that
the vehicles making these trips will travel is
a direct function of the array of distances
which confront the trip-maker when this array
is calculated in terms of the scale of dis-
tances between all zones in the community.
The trip-makers of each zone, of course, are
confronted with an almost unique set of dis-
tances to other zones. The theory presented
here is simply a way of estimating the total
volume of trips by distance traveled, and if
this theory were to predict future traffic
patterns it would also have to account for the
direction of trips to other zones as well as
the distance to be traveled. The present
theory assumes that direction is also a
function of the array of distances to other
zones available to the trip-maker, although
the question of direction of travel was not
explored in the present study other than in
the analysis of trips to the CBD.
Also, caution should be noted con-
cerning the adequacy of the Champaign-Urbana
survey data as the ground for the theory of
traffic outlined above. This reservation
rests on the premise that the data of Table 25
represent only distances between pairs of
zones between which exchange took place.
Actually, the distances should be calculated
for the distances between all zones in the
survey area on the assumption that there is a
possibility of exchange of traffic between all
combinations of pairs of zones in the survey
area. This possibility, however, did not
exist in the Champaign-Urbana survey because
at least a dozen zones contained such small
populations that it would not have been pos-
sible to assume a probability of interchange
with all other zones, except, perhaps, accord-
ing to some random pattern. The conditions
necessary for the proper grounds of the theory
outlined above would be that all zones con-
tained proportionately large traffic-generat-
ing populations and were relatively equal in
s ize.
N. SUMMARY
(1) The problem treated in this
chapter was that of constructing a model or
theory of community traffic generation which
incorporated the present findings concerning
socio-economic influences on trip-making into
a form containing physical measures of traffic
volumes such as the number of vehicular trips
per survey zone acre and the length of vehic-
ular trips. The physical measures considered
included the number of passenger trips, vehic-
ular trips, vehicles, and households per
developed acre by zone. Summaries of length
of trips were mainly in terms of the numbers
of trips involving interchange between pairs
of zones throughout the survey area.
(2) The Pearsonian coefficients of
correlation between the number of vehicles
and the number of vehicular trips by survey
zone and between the number of households and
the number of vehicular trips by zone are
reduced when these same correlations are com-
puted in terms of number of vehicles, vehic-
ular trips, and households per acre. This
finding suggests measures of traffic gener-
ation stated as densities per survey zone acre
and appears to introduce intervening variables
or conditions which actually reduce correla-
tion coefficients between the items involved.
The conditions producing these unanticipated
results do not seem to be simply a statistical
artifact produced by a skewed distribution in
the sizes of survey zones as measured by
number of developed acres. Rather, the find-
ings indicate that there is not a linear
relation between the density of either house-
holds or vehicles per acre and vehicular trips
per acre because the zones with both the high-
est and lowest rates of trip generation, as
measured by the proportion of potential trip-
makers making trips, had comparably low rates
of vehicular trips per acre. Zones with only
average rates of trip-making measured by
potential trip-makers making trips had the
highest vehicular trips per developed acre.
This disparity is apparently the reason for
the reduction of statistical correlation when
traits associated with traffic production are
expressed in density per acre.
(3) The number of developed acres
per zone appeared to give a more accurate
prediction of the total number of trips which
would be generated by vehicles garaged in the
zone than did the number of acres officially
zoned as residential. The reason for this
condition is apparently that the areas of a
survey zone which are officially designated
as residential are not actually inclusive of
all households in a zone.
(4) The range in the average number
of vehicular trips per developed acre indi-
cates that the zones which are most productive
of vehicular trips generated ten to twelve
times as many trips per acre as the least pro-
ductive zones. The actual number of vehicular
trips per acre for each of the survey zones
could not be estimated accurately because of
the difficulty in determining the sampling
error by zone and in allocating to student
households the proportion of traffic which
they generated per acre. Because of these
difficulties the method developed for making a
gross estimate of the total volume of traffic
generation on the basis of densities per acre
of survey zone characteristics could not be
confirmed by comparing the results of the
method against the traffic volumes reported
from the roadside survey. The deviation of
the results obtained by the method from the
observed traffic volumes was not, however,
appreciably different from those obtained by
the household survey prior to their correction
through an expansion factor. The actual
sources of this discrepancy in the Champaign-
Urbana survey might not be present in other
communities where this method could be
employed.
(5) Zones high in vehicle trip
generation per acre were relatively similar
in land use and population characteristics.
Those zones relatively low in trips per acre
constituted a heterogeneous category in
respect to land use and population. Zones
with high trip production per acre were not,
however, zones showing the highest rate of
trip generation per household by survey zone.
(6) Length of trips was analyzed to
develop estimates of traffic interchange
between zones in order to lay the ground of a
general theory describing physical and social
parameters involved in traffic volumes and
flow within a community. A "push-pull" theory
was propounded which regarded the prevailing
pattern of interchange between zones as an
equilibrium between pull and push factors
present in the relation between every pair of
zones. The total volume and flow of traffic
in a community is the sum of these paired
equilibria. Pull is the attraction of zone
represented by the purposes to be satisfied
by making trips to the zone. Push is defined
as the tendency of households to maximize the
proportion of potential trip-makers who make
trips. The equilibrium of zone interchange is
regarded as the number of trips of various
lengths with which a maximum number of poten-
tial trip-makers travel the minimum distances
necessary to satisfy their purposes. It
appears that as the number of trips per house-
hold increases the proportion of potential
trip-makers making trips increases, and that
the proportion of all household trips which
are shorter in length also increases.
Therefore, according to the push-pull theory
the number of trips in the distribution of all
community trips should be inversely pro-
portional to the length of trips.
(7) Testing of the applicability of
the push-pull model to the findings of the
Champaign-Urbana survey was complicated by the
presence of the bi-partite CBD and the con-
centration of student households in a number
of zones. The complication created by
student households was a pattern of traffic
generation different from that of the non-
student sample. The possible influences of
these two complicating factors was analyzed by
studying the the numerical ranking by zones of
volumes of traffic generated by each. The
number of intrazone trips in each zone was
also examined. The analyzing-of the findings
from these operations indicated that for
slightly more than three-quarters of the zones
there was a high correlation of total volume
of trips with specific kinds of trips, such as
intrazone and trips to CBD. The push-pull of
these zones appeared to be in balance. A
number of zones, however, demonstrated deviant
traffic patterns. These included the CBD area
which was high in pull and low in push;
certain zones on the periphery of the survey
area which were the opposite of the CBD in
respect to pull and push; and zones with a
concentration of student households which pro-
duced low numbers of intrazone trips. The
CBD produced proportionately a number of
intrazone and short trips. The CBD area ap-
pears to be the destination of much traffic
which was multi-purpose in nature.
(8) Tabulation of interchange traf-
fic by length of trip indicated the assumption
of the push-pull model that shorter trips
would be greater in number than longer trips
did not hold for the categories of shortest
trips. When, however, the distances between
all pairs of zones involved in traffic inter-
change were tabulated, it appeared that the
number in the category of shortest length of
trip was also fewer than the number in some
classes of longer trips. In short, the
actual possibilities of making shorter trips
was less than that for categories of longer
trips. Therefore, the number of trips in
each category "length of trip" was divided by
the number of actual distances between pairs
of zones which were of the same length. The
series of ratio secured by this operation was
approximately linear and all ratios represent-
ing shorter trips were greater than ratios
representing longer trips. This finding
appeared consistent with the push-pull model
of traffic volume and suggested a standardized
method for comparing the findings from origin-
destination studies made on communities dif-
ferent in size of survey area. *
VI. CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH
This chapter treats the general
conclusions of the study as they concern the
central goals of the research and analysis
undertaken on the basis of the information
supplied by the Champaign-Urbana origin-
destination survey. The specific findings
and conclusions relative to discrete problems
in the successive steps of the study have
been summarized at appropriate points at the
end of Chapter III, IV, and V. Selected
items from these summaries will be included
in the present chapter where they are pertin-
ent to an over-all recapitulation offering
answers to the initial questions posed by the
study as noted in Chapter I, the Introduction
These final conclusions will bear on these
original issues concerning socio-economic
factors in traffic generation and will sug-
gest further research which appears necessary
to provide greater understanding and explan-
ation of the problematic issues concerning
community traffic as they have emerged from
the present study.
The original purpose of this study
was to use the results of the Champaign-
Urbana survey to develop some theoretical
propositions about the social influences on
traffic generation. These findings were
expected to have some application to the
practical problems of community traffic
engineering insofar as such activities util-
ize origin-destination data. Another basic
interest of the study concerned the possi-
bility of identifying data which might be
available to the student of traffic genera-
tion as a substitute for the costly origin-
destination survey as it has been developed
under the stimulus of the Bureau of Public
Roads. However, once the study had begun to
make progress, it became apparent that the
latter interest in developing sources of in-
formation as alternatives to the origin-
destination survey depended upon solving the
former interest in factors influencing or
explaining community traffic. The conclusions
of the study, therefore, aim to set forth
certain parameters which seem relevant in
either explaining or understanding community
traffic generation, and then suggesting the
kind of data which might be secured relative
to these parameters by some method other than
the origin-destination survey. It should also
be kept in mind in regard to these conclusions
that they involve data developed from the con-
ditions in a medium-sized city. The aim of
these conclusions is to express the findings
in their most generalized terms. For this
reason attention has been paid to the cor-
respondence of its findings with major in-
vestigations such as the Detroit and Chicago
surveys. The fact, however, that these con-
clusions refer to a smaller city may well
limit their generality.
A. PROPORTION OF HOUSEHOLDS PRODUCING TRIPS
The study began from the presump-
tion that the household, as the fundamental
unit in the internal survey, could be profit-
ably analyzed in terms of its contribution to
traffic generation. The original analysis of
the data treated the separate households
reported in the sample of households inter-
viewed as part of the internal survey. This
analysis revealed a broad range in the dis-
tribution of passenger trips by households in
the sample. The range and skewness of this
distribution is recapitulated in Table 26.
This table reveals the considerable
range in production of trips by separate
households and shows clearly the skewness
upward of this distribution. One measure of
the degree of skewness is that the households
generating four or less trips included about
36 per cent of all households in the sample.
Yet these households produced only 8 per cent
of all passenger trips, a figure roughly
equal to the proportion of all passenger trips
made by sample households producing twenty-
five or more trips. These households ac-
counted for only 2.3 per cent of sample
households. Thus, traffic generation shows
great variation by households; its distri-
bution is not in the form of a normal or bell
shaped curve. This face suggests that an
arithmetic mean is a poor measure of the
central tendency of a distribution of trip
production by households.
B. RANGE BY SURVEY ZONES OF AVERAGE NUMBER
OF TRIPS PER HOUSEHOLD
A considerable variation in trip
generation is also observed when measures of
trip production by household are computed on
the basis of survey zone averages for trips
per household. The procedure of computing
measures of traffic on indices per zone ap-
peared justified in this study after calcu-
lations indicated that most zones revealed
greater homogeneity in socio-economic traits
than heterogeneity. Also, a two-way analysis
of variance of trip production as correlated
with number of vehicles indicated that dif-
ferences between all survey zones with regard
to trip production was greater between zones
than within zones. For these reasons the use
of zone averages as measures of socio-
economic characteristics to be correlated
with trip generation appeared feasible. The
zone medians of trips per household were used
in a number of calculations as measures in
order to compensate for the known skewness of
the distribution of trips by households.
Table 27 shows the median number of trips per
household per zone.
This table demonstrates that there
is not only considerable variation in trip
production by survey zones as a whole, but
that the distribution of zones shows with
respect to trip generation a more normal
curve than the whole sample of households.
Since it has been demonstrated that zones tend
toward homogeneity, this distribution of zone
medians cannot be attributable solely to
sampling error, if the zones are regarded as
samples of the traffic-producing universe
represented by a community. In terms of the
conclusions to be developed, there is no
reason to assume that the distribution of
zones in a community would show in the pattern
of zone averages in a normal curve. Explan-
ation of this distribution is attributed, as
noted below, to the fact that traffic gener-
ation within the physical area of a community
involves the interaction of a variety of
forces and influences.
C. FACTOR ANALYSIS AND MULTIPLE CORRELATION
OF TRIPS AND HOUSEHOLDS
A number of measures, including
Guttman-type scales, were developed to de-
scribe socio-economic and occupational char-
acteristics of households and survey zones.
These measures were related to various indices
of traffic generation through the procedure
of factor analysis. All of the measures used
in this analysis were stated as rates or
summarizing characteristics for survey zones.
The factor analysis indicated that the socio-
economic level of a household as measured by
zone indices was the one element most closely
related to rate of traffic generation by
zones. As a single factor it accounted very
clearly for more variance in the rate of
traffic generation than any other dimension
of community traffic as it was described by
variables in the study. This same analysis,
however, indicated that the production of
community traffic is apparently a complex
phenomenon, and no single influence accounts
statistically for at least a majority of the
volume of traffic generation.
It was also possible on the basis
of the matrix of correlations used to develop
the factor analysis to prepare a multiple
correlation involving three variables which
served best to predict the rate of household
traffic production by survey zones. These
variables were occupational level, value of
residential structure, and value of make of
vehicle. Distance from CBD was part of this
complex of traits; however, it contributed
proportionately very little to the prediction
of trip generation when allowance was made for
the influence of the other three variables.
These items provided for a multiple correla-
tion only of the order of .80. These measures
are clear indicators that socio-economic level
is the dimension of households most clearly
associated with trip generation, but as
predictors of trips, they account for barely
two-thirds of the variance. It appears that
other influences also operate in trip pro-
duction of households measured by zones.
D. TRAFFIC GENERATION BY ONE- AND TWO-
VEHICLE HOUSEHOLDS
One such condition which compounds
the measurement of influences producing house-
hold trip generation is that households may
possess two or more vehicles. Roughly 15 per
cent of all households in the survey sample
were two-vehicle units. The variation between
survey zones in respect to the per cent of
households having two vehicles, however, is
considerable, as is shown by Table 28.
The proportion of two-vehicle
households in survey zones increases as the
socio-economic level, the per cent of house-
holds containing vehicles, and the distance
from CBD increases, although these three
measures may be independent of each other to
some degree. Most characteristically the
two-vehicle household is found in zones of
higher socio-economic level, hence, as a
trait it is also closely linked to the major
influence on the rate of trip-making itself:
socio-economic level of household. Doubling
the number of vehicles in a household, from
one to two, does not double the traffic gen-
eration by the household. In terms of vehic-
ular trips, all two-vehicle households, on
the average, make approximately only one-
third more vehicular trips than single-
vehicle households. This should be kept in
mind in estimating future traffic volumes on
the basis of the number of vehicles based in
an area. The proportion of vehicles in one-
and two-vehicle households, not the number
of vehicles itself, is the best basis for
estimating the relation between vehicles and
rates of trip-making by zones. Table 28
indicates that the possible increase in two-
vehicle households could be very great if
the present trend in multi-vehicle ownership
by households continues.
E. POTENTIAL TRIP-MAKERS AS AN INDEX OF
TRIP PRODUCTION
The findings of the present study
suggest that one of the criteria of house-
holds most useful for interpreting the in-
fluences on traffic generation is the pro-
portion of potential trip-makers who make
trips (see Table 20). This index or ratio
can be applied to a variety of household
indices. For example, in one- and two-
vehicle households the rates of trip gener-
ation are more alike for two-vehicle house-
holds than for one-vehicle households when
allowance is made for proportion of potential
trip-makers making trips. This point is il-
lustrated in Table 29. In this table three
types of survey zones are compared in trip-
production. These types represent zone low,
medium, and high in proportion of potential
trip-makers making trips.
Table 29 is of special interest
because it gives some comparison of the con-
sequences of the two principal procedures by
which households increase their rate of trip
production. One is the addition of a second
vehicle; the other is the intensified use of
the vehicle or vehicles in the household.
Column 2 indicates that there is relatively
limited variation in the rate of trip gener-
ation for two-vehicle households and that,
perhaps, about nine vehicular trips per house-
hold over a twenty-four hour period is an
average of the upper limit to be expected per
household. The variation in single-vehicle
households is much greater with high trip-
generators producing on the average 1.5 times
as many trips as low trip producers. Table 29
also indicates that the largest number of
trips are produced by the medium-type house-
hold classified by potential trip-makers mak-
ing trips. This suggests that the potential
for increasing the total rate of trip gener-
ation in the community is greater than would
be the case if a larger proportion of house-
holds were already in the high trip generating
category.
F. THE "PUSH-PULL" MODEL OF TRAFFIC
GENERATION
The general theory of community
traffic volumes which appears to apply to the
findings from this study can be referred to
as a "push-pull" theory or model. Push is the
rate of trip generation by the households of
the community. The higher the socio-economic
level of the household, the more trips made.
Pull is the attraction of some area in the
community to satisfy the purposes for which
the trip is made. The more specialized the
purpose of the trip, the longer the trip will
be. Areas with specialized attraction should
draw from greater distances. Attraction,
represented by the land use of an area, can
be distinguished as land use involving export
base functions and service base functions.
The purpose of most trips to places character-
ized by export base activity are trips to
work. These will be longer on the average
than trips to places specializing in service
base activity. If the patterns of community
traffic volumes are regarded as an equilibrium
of these push-pull influences, local traffic
generation might be defined as a system which
tends to maximize the proportion of potential
trip-makers who make trips and to minimize the
distances traveled in such a system. To
accomplish this allowances must be made for
the number of destinations, represented by
zones, at various distances from all possible
origins.
The utility of such a theory to
those interested in problems of community
traffic would be enhanced if rates of traffic
generation could be reduced to some physical
measures such as trips per acre. Such mea-
sures give a more precise description of the
traffic generated by the various sectors of
the community as they are served by the local
roadway system.
G. HOUSEHOLD DENSITIES AND TRIPS AS A
METHOD OF ESTIMATING COMMUNITY TRAFFIC
An attempt was made to restate the
findings of the study describing the socio-
economic traits of households associated with
traffic generation to rates of trip-making
per acre of survey zones. A series of calcu-
lations indicated that when items such as
number of vehicles and number of trips were
correlated as trips per acre with vehicles
per acre, the levels of statistical corre-
lation were reduced. The reason for this re-
duction was that zones highest in trip
production per household were not the highest
in trip production per acre. The major cause
of this condition appears to be that zones
varied considerably in density of households
per acre with zones both high and low in trip
generation having somewhat similar households
per acre ratios. For these reasons it did not
appear feasible to convert the findings con-
cerning the relation of household character-
istics to some ratio of households to acres.
It was possible, however, to state
the differences in the traffic producing
potential of survey zones to an acre basis
(see Table 19). The distribution of the
number of trips per acre by zone shows a con-
siderable number of cases at extreme values,
although these is also observable central
tendency. Estimates of the actual generation
of trips per acre per zone was not possible
because of the nature of the sampling design
in the survey. The estimate based on acres
of the number of trips generated by the whole
survey area utilized the over-all average.
This estimate produced a figure for the number
of vehicular trips for the whole community
which was considerably less than that indi-
cated by the cordon line count in the original
survey. The method of estimating the total
volume of internal trips from the average
number of trips reported per household per
acre did appear feasible, provided some esti-
mate could be made of the actual population of
the survey zone. The findings for Champaign-
Urbana suggested that the zones on the average
produced approximately twelve vehicular trips
per developed acre. There was a considerable
range in production of vehicular trips by
zone, ranging from less than three per de-
veloped acre to about twenty-five. It might
be expected that other communities with higher
residential density would show a greater range
in the production of trips per acre. It is
this range or variation in trips per acre in
a community which complicates the procedure of
estimating total traffic volume on the basis
of rates of vehicular trips per acre.
H. LENGTH OF TRIP AND ZONE INTERCHANGE
Length of trip was analyzed in terms
of the interchange between zones and the dis-
tances between pairs of zones. When allow-
ance was made for the number of distances
between zones, the reported interchanges show-
ed a clear negative relation between the num-
ber of vehicular trips and the distance
traveled. It appears not unlikely that the
number of distances between the zones in a
community is a constant which would be used
in comparing the distribution of distances
traveled by vehicles in communities of dif-
ferent sizes.
The total volumes of traffic and the
amount of interchange for survey zones were
studied to determine if zones demonstrated an
equilibrium of push-pull with respect to
traffic generation. Rankings by number of
trips produced by zones were used for this
analysis. They indicated that about three-
quarters of the zones were relatively equal
in push and pull. The main exceptions to this
equilibrium were zones either containing or
close to the CBD which were high in pull, and
some zones on the periphery of the survey area
which were low in pull. The implication of
these findings seems to be that the distances
vehicles travel from a zone are more influ-
enced by the location of the zone relative to
other zones than by the household composition
of the zone. In general, zones demonstrate
similar patterns of length of trips whether
they represent high or low production of trips
per household.
The most general conclusion of the
study is that the socio-economic level of the
households in a zone are the main determinant
of variations in the rate of trip production
by zones. The density of households in the
zone is a secondary factor whose influence is
expressed in combination with the first
determinant. The numbers of trips of various
lengths from.a zone is directly proportional
to the number of varying distances to other
zones. In this sense, therefore, the di-
rection and length of trips from a zone ap-
apears to follow a predominantly physical
principle, while the actual volume of and rate
of generation of trips appears to be more
influenced by socio-economic considera-
tions.
I. SUGGESTIONS FOR FURTHER RESEARCH
The various findings and conclusions
noted above indicate the need for further
research to confirm their applicability to
communities other than Champaign-Urbana, and
to demonstrate the utility of information
sources which would serve as substitutes for
origin-destination surveys. Such research,
however, might be conducted with the results
of already completed origin-destination
surveys on communities for which other per-
tinent kinds of data were available. The
basic aim of such research would be to deter-
mine whether the parameters of traffic gener-
ation developed by the present study apply to
other communities. For example, is the range
of the distribution of vehicular trips by
household relatively constant among com-
munities? Is the distribution of the average
number of trips per survey zone similar?
What is the range in the number of vehicular
trips made by households per acre, and is the
proportion of potential trip-makers who make
trips approximately the same? Such compar-
isons are possible for the findings of origin-
destination surveys which have been reported
in terms of the traffic-generating traits of
survey zones.
Once the comparability of these
measures as developed in the present study
has been established relative to other studies,
the next step is to develop indices of socio-
economic levels of households and zones in
order to test the central finding that these
levels are highly correlated with traffic
generation. It should be noted that all com-
munities equal in size or larger than
Champaign-Urbana have been tracted for the
U.S. Census. Information is, therefore,
available on income and economic levels.
Champaign-Urbana was tracted only after the
present analysis was completed, thus it was
necessary for the project itself to develop
measures of socio-economic level. If Census
data were to show high correlations with the
parameters of traffic generation, it might
conceivably serve as one type of substitute
for an origin-destination survey in which
there is an interest in the total expected
volumes of traffic. It might even be pos-
sible to analyze Champaign-Urbana traffic
according to the Census information now avail-
able by tracts.
The investigation of trip generation
per acre of residential areas should be pur-
sued for its utility in the practical problems
of traffic engineering. There are diffi-
culties in establishing vehicular densities
by acre because of the sampling procedures
used in origin-destination surveys. The use
of automobile registration data as a substi-
tute for the household survey might be
explored. This possibility was not pursued
in the present study due to the large number
of student vehicles which would have been
registered in counties and communities out-
side of Champaign-Urbana. The influence of
multi-family residence, especially on trip
production per residential acre, should be
explored. The present study found that the
highest production of trips per residential
acre was by zones of predominantly single-
family residences. There were, however, no
survey zones which were largely multi-family
dwellings, therefore no control for this
condition could be developed. The increasing
tendency in many communities to construct
high-rise residential apartments in peripheral
areas which traditionally have been low
density single-family residential zones prom-
ises a new source of trip generation. This
condition could be analyzed within the frame-
work provided by the present study.
The relation between the number of
trips of varying lengths to the number of
actual physical distances should be examined
to ascertain if this relation is constant in
all communities. Such an analysis requires
data on the interchange between zones. Where
such information is available, it might be
possible to compare the predicted results from
the kind of push-pull model of traffic gener-
ation posited in the present study to observed
interchange reported in surveys.
Some research should be directed to
the question of the influence of improvement
of the total community socio-economic level.
As such an increase occurs as part of the
general growth of the Gross National Product,
it should, if the present conclusions are
valid, lead to an over-all increase in the
traffic generation by all segments of the
community. This increase could be presumed
to occur even if the present proportions of
local households at each socio-economic level
remain constant. Associated with this ques-
tion is the matter of the contribution of the
two-vehicle or multi-vehicle family. The
increase in the number of such families ap-
pears certain, and as this ample of vehicle-
owning households becomes larger, it may be
possible to make more precise estimates of
its potential for traffic generation.
Finally, the present study suggests
a rather unusual condition which may exist in
some cities, especially those the size of
Champaign-Urbana. This condition is the
presence of a specialized population whose
pattern of traffic generation may be diverse
from that of majority of the local population.
In Champaign-Urbana the students of the
University of Illinois constituted such a
population, and any understanding of, or
planning for, the local traffic system would
have to allow for their distinctive pattern
of trip-making. Communities with large
specialized vehicle-using populations, for
example, armed forces centers, tourist-
oriented places, governmental institutions,
etc., may contain conditions for which general
principles may not apply. All of the above
problems and issues for investigations should
be examined to make possible applications of
the findings of the present study.
J. SUMMARY
The following statements are
presented as a brief and essentially cursory
summary of the salient findings of the study.
(1) The range of the distribution
of number of passenger trips as classified by
proportion of households making this number
of trips was very considerable, actually from
zero to over thirty trips. The distribution
was skewed upward and this condition suggests
that the arithmetic mean is not representa-
tive of the central tendency of such
distributions.
(2) There is statistical and other
evidence that certain measures of traffic
generation such as the number of trips per
household can be calculated as averages of
the survey zones which are statistically
representative of the characteristics of the
zones.
(3) The range of the distribution
of the median number of trips per household
per zone is considerable, from zero to nine,
but this distribution tends toward a more
normal curve.
(4) Socio-economic level of house-
holds, as estimated per survey zone, showed
relatively high association with trip gener-
ation by zone. A multiple correlation using
such measures of socio-economic level account-
ed for about two-thirds of the statistical
variance between these variables.
(5) Although the socio-economic
level of a household is most highly associated
with trip generation by survey zone, traffic
generation appears to be a multi-factor phe-
nomenon in which other influences were not
clearly delineated in the present study.
(6) Two-vehicle households produce,
on the average, only one-third more vehicular
trips than one-vehicle households, and in the
present study about 15 per cent of households
contained two-vehicles. Increase in the
number of vehicles in a community need not,
therefore, increase vehicular trips pro-
portionately if there is any tendency for
additional vehicles to be acquired by house-
holds already possessing one.
(7) The proportion of potential
trip-makers who make trips in a survey zone
appeared to be the most diagnostic measure
for purposes of identifying households dif-
fering in trip generation. The range by
survey zones in proportion of potential trip-
makers making trips was from approximately
30 per cent to 74 per cent.
(8) The continuing pattern of
community traffic volumes and flows apparently
could be described as a "push-pull" model
representing an equilibrium between the push
of household trip generation and the pull of
trip purposes to be satisfied by land uses
distributed at varying distances from house-
holds.
(9) Trip generation by household
was reduced to trips per survey zone acre as
produced by households in the survey zone;
however, zones producing most trips per acre
were not identical with zones highest in
trip production by households. The range in
trips per acre produced by the households of
the survey zones was estimated to be approxi-
mately from three to twenty-five.
(10) Relatively precise information
on the number of trips per acre generated by
the households of survey zones should provide
an estimate or prediction of total community
traffic generation if difficulties presented
by origin-destination sampling procedures can
be overcome.
(11) The distribution of distances
traveled from the zone of origin appeared
to be directly proportional to the number of
distances of all survey zones from one
another. Distance traveled, therefore, ap-
peared limited by a physical dimension while
generation of trips appeared to be a product
of socio-economic influences.
(12) Further research, utilizing
results of origin-destination surveys of
other communities, and appropriate infor-
mation such as the U.S. Census, is necessary
to determine whether these findings apply
to other communities.
VII. APPENDICES
A. CHARACTERISTICS OF HOUSEHOLD SURVEY ZONES
This section consists solely of the
following tables:
Table Al. Developed Acres, Student and Non-Student Households by Survey Zones
Table A2. Numbers of Vehicles and of Passenger Trips of Student and Non-Student Households
by Survey Zones
Table A3. Number of One- and Two-Vehicle Families and Number of Vehicular Trips of Zones
Table A4. Survey Zones Reported In Household Interview Sample and Not Used in Analysis
Table A5. Selected Social Characteristics and Measures of Traffic Generation by Non-Student
Household by Survey Zone
Table A6. Selected Social Characteristics and Measures of Traffic Generation by Student
Households by Zones
Table A7. Land Use of Total Developed Acres Per Survey Zone
Table A8. The Distribution of Occupations of Drivers of Vehicles Without Passengers by
Survey Zone
Table Al
DEVELOPED ACRES, STUDENT AND NON-STUDENT HOUSEHOLD BY SURVEY ZONES
Number of Households
Zone Total Per Student Per Non- Per Total Per Zone
Developed Cent Cent Student Cent Cent Composition
Acres
169
293
52
320
300
237
140
173
126
212
177
146
189
365
100
161
177
105
73
124
21
156
111
185
52
120
129
114
69
191
49
239
205
211
292
81
61
99
29
89
191
170
101
6,655
1 5 .8 * 1 .05 
14 70 15 38 
N S
2.5
4.4
.8
4.8
4.5
3.6
2.1
2.6
1.9
3.2
2.7
2.2
2.8
5.5
1.5
2.4
2.7
1.6
1. 1
1.9
.3
2.3
1.7
2.8
.8
1.8
1.9
1.7
1.0
2.9
.7
3.6
3.1
3.2
4.4
1.2
.9
1.5
.4
1.3
2.9
2.6
1.5
100.0
24
16
14
* 9
14
* 2
* 4
18
28
19
10
* 2
* 6
* 3
10
11
10
427
50
92
14
* 2
74
261
106
196
15
93
172
76
22
22
* 9
* 1
11
* 6
* 1
* 6
56
1,913
1.25
.83
.73
.47
.73
.10
.21
.94
1.46
.99
.52
.10
.31
.00
.16
.52
.58
.52
.00
22.32
2.61
4.81
.73
.10
3.87
13.64
5.54
10.25
.78
4.86
8.99
3.97
1.15
1.15
.47
.05
.00
.58
.00
.31
.05
.31
2.93
100.00
68
91
12
76
82
35
36
69
72
95
63
13
80
12
43
58
49
20
11
43
** 6
55
42
69
** 6
48
25
34
101
24
88
110
91
46
9
7
29
7
25
26
56
48
1,994
3.41
4.56
.60
3.81
4.11
1.76
1.81
3.46
3.61
4.76
3.16
.65
4.01
.60
2.16
2.91
2.46
1.00
.55
2.16
.30
2.76
2.11
3.46
.30
2.41
.00
1.25
1.71
5.07
1.20
4.41
5.52
4.56
2.31
.45
.35
1.45
.35
1.25
1.30
2.81
2.41
100.00
92
107
26
85
96
37
40
87
100
114
73
15
86
12
46
68
60
30
11
470
56
147
56
71
80
309
106
221
49
194
196
164
132
113
55
10
7
40
7
31
27
62
104
3,907
2.35
2.74
.67
2.18
2.46
.95
1.02
2.23
2.56
2.92
1.87
.38
2.20
.31
1.18
1.74
1.54
.77
.28
12.03
1.43
3.76
1.43
1.82
2.05
7.91
2.71
5.66
1.25
4.97
5.02
4.20
3.38
2.89
1.41
.26
.18
1.02
.18
.79
.69
1.59
2.66
100.00
Mixed
Mixed
Mixed
N.S.
Mixed
N.S.
N.S.
Mixed
Mixed
Mixed
Mixed
N.S.
N.S.
N.S.
N.S.
Mixed
Mixed
Mixed
N.S.
Mixed
S.
Mixed
Mixed
N.S.
S.
Mixed
S.
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
N.S.
N.S.
N.S.
Mixed
N.S.
N.S.
N.S.
N.S.
Mixed
N = 41 for Non-Student Calculations
98
106
58
6,917
1.4
1.5
.8
100.0
N = 27 for Student Calculations
Zones Added in the Analysis of Number 2 Cards
1 .05 7 .35 8
-- .00 8 .40 8
-- .00 4 .20 4
1,914 100.00 2,013 100.00 3,927
* = Counted in Non-Student Population
.20
.20
.10
100.00
N.S.
N.S.
N.S.
*-* = Counted in Student Population
Table A2
NUMBERS OF VEHICLES AND OF PASSENGER TRIPS OF STUDENT AND NON-STUDENT
HOUSEHOLDS BY SURVEY ZONES
Total Vehicles Per Zone Total Passenger Trips
Zone Student Non-Student Total Student Non-Student Total
44 Zones 843
6
73
102
9
117
104
45
43
60
73
117
69
16
97
10
49
63
52
20
12
37
48
25
44
38
9
23
97
14
92
123
99
74
12
4
32
10
28
29
47
42
2,064 2,907 4,335 11,427
25
505
755
136
593
512
237
302
391
524
674
468
78
575
50
271
371
382
166
65
1075
51
401
178
336
92
741
135
311
185
782
396
782
768
713
400
56
32
223
48
149
157
278
393
15,762
N = 41 for Non-Student Calculations N = 27 for Student Calculations
Zones Added in the Analysis of Number 2 Cards
est.9
est.6
est.3
Table A3
NUMBER OF ONE- AND TWO-VEHICLE HOUSEHOLDS AND NUMBER OF
VEHICULAR TRIPS BY ZONES
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Sub-Total *1,302
Total** ,365
301 1,599
1,662
321 1,920
380 2,024
Includes only zones having both one- and two-car families.
Adds information calculated for zones having only one- and zero-car families (101, 123, 141,
155, 205, 341) and zones added to the study (129, 331, 332) in the analysis of number 2
cards.
Zone number
Number of one-car families per zone
Number of two-car families per zone
Total number of one- and two-car families per zone
Per cent of one-car families of total number one- and two-car families per zone
Per cent of two-car families of total number one- and two-car families per zone
Number of zero-car families per zone
Total families per zone
Per cent of one-car of total families per zone
Per cent of two-car of total families per zone
Table A3 (continued)
(1) (11) (12) (13) (14) (15) (16) (17)
Sub-Total *
Total** 1
4,907
5,134
74
147
91
67
37
76
80
94
141
71
27
166
49
76
82
25
9
45
54
85
29
24
116
23
138
177
115
112
13
31
11
22
36
63
44
2,435
2,508
83
143
165
129
38
9
25
53
198
57
6
71
19
37
23
18
9
9
27
9
2
14
77
55
59
90
112
8
17
12
24
15
6
25
1,608
1,664
381
640
593
447
210
265
279
388
603
327
59
541
173
272
285
114
39
145
190
257
78
94
470
65
467
590
539
397
45
139
28
116
119
203
205
9,664
10,004
Includes only zones having both one- and two-car families.
Adds information calculated for zones having only one- and zero-car families (101,
123, 141, 155, 205, 341) and zones added to the study (129, 331, 332) in the analysis
of number 2 cards (see table next page).
Zone number
Per cent of one-car families per zone of total one-car families in all zones
Per cent of two-car families per zone of total two-car families in all zones
Number of non-student vehicular trips of one-car families with one in car per zone
Number of non-student vehicular trips of one-car families with more than one in
car per zone
(15) Number of non-student vehicular trips of two-car families with one in car per zone
(16) Number of non-student vehicular trips of two-car families with more than one in
car per zone
(17) Total number of non-student vehicular trips per zone
( 1)
(12)
(13)
(14)
Table A3 (continued)
Total Number of Non-Student Vehicular Trips
One-Car Families Two-Car Families
Zone Number One Number Zero Total One More Than One More Than
Car Families Car Families Families in Car One in Car in Car One in Car Total
4 14
7 8
124 227 73 36
- 124
18
1 28
- 21
- 18
4 340
Table A4
SURVEY ZONES REPORTED IN HOUSEHOLD INTERVIEW SAMPLE AND NOT USED IN ANALYSIS
Total Total
Zone Developed Acres Student Non-Student Size
902 16 45TOTAL 16
Table A5
SELECTED SOCIAL CHARACTERISTICS AND MEASURES OF TRAFFIC GENERATION BY
NON-STUDENT HOUSEHOLDS BY SURVEY ZONE
(1) (2) (3) (4) (5) (6) (7) (8) (9)
0.40
1.07
1.12
0.75
1.38
1.27
1.22
1.07
0.87
1.01
1.23
1.09
1.07
1.13
0.83
1.07
1.08
1.06
1.00
1.09
0.86
0.87
0.60
0.62
0.79
0.36
0.68
0.96
0.58
1.05
1.12
1.09
1.35
1.20
0.57
1.03
1.42
0.90
1.07
0.76
0.96
040.0
080.9
090.1
075.0
095.3
096.3
100.0
092.5
073.9
084.7
092.6
088.9
093.3
095.4
083.4
089.1
087.9
095.9
090.0
090.9
081.4
076.4
059.5
059.2
077.1
036.0
052.9
075.3
054.2
088.6
090.9
094.5
094.4
100.0
057.2
089.7
100.0
074.2
088.9
074.2
075.0
3.00
3.90
3.56
2.75
4.00
2.90
2.59
2.63
4.14
3.93
3.75
3.21
2.60
3.60
4.58
4.07
3.60
2.49
2.50
5.18
3.70
4.31
4.48
4.18
2.63
2.64
3.82
4.09
3.83
4.35
3.91
2.98
3.00
3.30
2.71
4.17
4.00
3.55
3.74
3.65
4.13
1.80
3.00
3.15
2.25
3.18
3.74
3.62
3.75
2.51
2.78
3.12
3.81
2.27
3.08
3.42
3.24
3.50
3.29
3.20
4.00
2.09
2.62
3.24
3.58
2.73
2.12
2.35
2.81
2.29
2.68
3.08
3.48
3.27
3.00
2.14
3.38
3.86
2.35
2.56
2.97
2.63
1.80
2.68
2.75
1.42
2.95
3.04
3.11
2.80
2.41
2.61
2.65
3.14
1.73
2.57
3.08
2.76
3.03
2.39
2.35
3.36
1.91
2.29
2.88
3.24
1.35
1.00
2.15
2.60
2.04
2.52
2.83
2.85
2.82
2.40
1.57
2.79
3.57
2.00
2.22
2.56
2.42
0.80
1.65
2.03
1.08
2.20
1.68
2.16
2.30
1.42
1.56
1.91
2.19
1.33
1.91
1.33
1.80
1.86
1.94
1.55
2.36
1.28
1.31
1.31
1.61
1.06
0.32
1.24
1.56
1.21
1.82
1.83
1.96
2.15
2.10
1.14
1.66
2.71
1.35
1.70
1.45
1.48
Zone number
Distance from CBD
Socio-economic type
Average number of cars
Per cent of households
per household
with cars
Average length of residence
Average number of persons per household
Average number of persons over five years of age
Average number of persons making trips
Table A5 (continued)
(1) (10) (11) (12) (13) (14) (15) (16)
04.5
06.0
04.0
06.0
04.0
04.5
05.0
05.0
05.0
05.0
04.0
06.0
07.0
05.0
10.0
05.0
05.0
05.0
06.0
09.0
05.0
05.0
08.0
07.0
06.0
06.0
06.5
06.0
06.0
04.0
06.0
05.0
06.0
04.5
02.5
05.0
02.0
05.0
04.5
05.0
05.0
1.67
1.56
1.69
1.13
1.74
1.48
1.56
1.53
1.54
1.75
1.68
1.45
1.50
1.63
1.50
1.45
1.55
1.49
1.55
1.25
1.46
1.46
1.42
1.71
1.50
1.25
1.65
1.57
1.86
1.64
1.48
1.43
1.64
1.58
1.75
1.50
1.40
1.61
1.45
1.52
1.60
43.20
15.15
15.33
09.64
20.63
15.27
15.18
10.77
13.82
20.08
17.08
08.43
10.02
10.54
10.70
06.21
08.05
11.08
09.00
07.75
25.94
15.04
08.25
04.14
29.91
48.00
15.15
14.71
27.72
19.54
09.21
09.68
21.23
09.75
10.60
06.94
08.58
10.35
10.20
06.96
11.68
034.24
061.78
064.51
116.07
055.89
055.86
043.02
017.08
094.36
074.55
059.72
033.45
026.85
036.24
144.30
046.70
041.37
013.00
019.22
034.19
055.13
077.33
075.15
066.67
048.71
040.65
067.52
065.33
055.95
043.30
057.11
042.87
038.15
077.33
058.68
036.02
037.41
081.16
036.86
038.07
067.38
2.08
3.45
3.52
3.77
3.14
3.33
3.12
3.23
3.14
3.43
3.38
3.12
3.90
3.51
3.13
3.27
3.06
3.53
3.87
2.50
3.36
3.24
2.95
2.94
3.06
3.00
2.95
3.16
3.00
3.48
3.28
3.42
3.43
2.67
4.00
3.29
2.53
3.52
3.22
3.08
3.31
Zone number
Median average of vehicle in years
Average make of vehicle (by price class)
Average value of structures
Coefficient of variability
Average number of trips per person making trips
Per cent of potential trip-makers making trips
Median number of passenger trips per household
( 1)
(10)
(12)
(13)
(14)
(15)
(16)
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Table A7
LAND USE OF TOTAL DEVELOPED ACRES PER SURVEY ZONE
(1) (2) (3) (4) (5) (6) (7) (8) (9)
68.4
81.8
32.7
70.6
90.7
78.9
94.3
35.0
41.2
84.6
73.4
47.3
80.0
77.0
70.8
81.4
28.6
50.0
7.1
5.6
5.0
54.6
52.0
60.0
90.9
85.8
90.9
28.4
66.7
55.1
15.7
94.1
25.0
21.1
60.0
47.0
11.5
5.1
5.0
8.0
6.2
71.6
72.2
80.0
13.5
46.7
23.1
37.5
48.0
100.0
20.0
10.9
25.3
9.0
75.0
83.3
3.0
32.7
3.0
5.1
5.7
5.9
5.1
33.3
6.2
7.3
14.3
7.1
11.0
5.0
7.7
37.5
57.4
44.8
9.0
16.7
3.0
32.7
15.8
47.3
10.0
66.7
8.0
11.8
4.0
42.9
50.0
7.1
5.6
5.0
27.0
12.5
9.1
22.2
18.0
2.9
10.5
12.2
29.4
6.3
15.6
5.0
5.9
3.9
5.5
5.0
8.0
6.2
7.3
14.3
7.1
5.6
5.0
4.3
53.3
69.2
12.5
20.0
3.8
9.1
49.4
42.6
8.1
55.2
9.0
84.3
2.9
102
19
387
124
28
69
15
170
20
195
776
50
24
45
1261
1093
18
25
454
75
43
51
169
293
156
320
319
624
264
173
126
212
205
215
189
365
115
331
197
300
849
124
156
111
235
144
114
69
191
49
239
205
256
1553
1174
79
124
483
89
266
213
101
Zone
Percentage of acres in single family
residence
Percentage of acres in multi-family
residence
Percentage of acres in commercial use
Percentage of acres used for industry
and railroad
Percentage
public
Total numb
Total numb<
Total numb
used for public and semi-
er of
er of
er of
and undeveloped)
developed acres
undeveloped acres
acres (developed
--- indicates a very small number or no number
Table A8
DISTRIBUTION OF OCCUPATIONS OF DRIVERS OF VEHICLES
WITHOUT PASSENGERS BY SURVEY ZONE
(1) (2) (3) (4) (5) (6) (7) (8)
N Per N Per N Per N Per N Per N Per
Cent Cent Cent Cent Cent Cent
(0)
(8)
(10)
(0)
(16)
(14)
(19)
(9)
(8)
(5)
(12)
(11)
(3)(0)
(8)
(25)
(3)
(2)
(11)
(12)
(0)
(22)
(10)
(0)
(2)
(15)(0)
(5)
(17)
(8)
(3)
(11)
(3)(4)
(9)
(0)(0)
(0)
(0)
(0)(0)
(17)
(6)
(11)
(0)
(22)
(18)
(29)
(8)
(12)
(13)
(11)
(0)
(22)
(15)
(16)
(13)
(0)
(13)
(0)
(10)
(13)
(20)
(3)
(0)
(16)
(12)
(2)
(3)
(23)
(17)
(14)
(23)
(8)
(4)
(18)
(20)
(5)
(18)
(11)
(9)
(0)
(23)
(0)
(15)
(10)
(6)
(18)
(0)
(9)
(10)
(0)
(4)
(7)
(8)
(9)
(8)
(20)
(13)
(10)
(19)
(11)
(15)
(25)
(44)
(18)
(13)
(9)
(17)
(3)
(19)
(30)
(8)
(0)
(0)
(19)
(6)
(15)
(6)
(20)
(11)
(3)
(45)
(0)
(45)
(0)
(14)
(0)
(26)
(83)
(11)
(7)
(100)
(2)
(4)
(0)
(I)
(3)
(0)
(8)
(33)
(8)
(1)
(2)
(14)
(11)
(3)
(13)
(8)
(8)
(7)
(9)
(8)
(11)
(7)
(17)
(27)
(0)
(0)
(0)
(3)
(8)
(1)
(9)
(5)
(1)
(9)
(22)
(9)
(0)
(14)
(40)
(12)
(3)
(21)
(16)
(0)
(25)
(24)
(14)
(49)
(36)
(27)
(34)
(0)
(17)
(22)
(30)
(13)
(22)
(29)
(25)
(13)
(16)
(21)
(27)
(50)
(16)
(17)
(13)
(20)
(54)
(33)
(33)
(21)
(23)
(38)
(20)
(22)
(44)
(9)
(55)
(9)
(0)
(14)
(20)
(26)
(28)
(26)
(18)
(1) Zone number (5) Number of drivers who are craftsmen, fore-
(2) Total number of drivers of cars men, and skilled workers and their (per
without passengers cent of total drivers)
(3) Number of drivers who are managers (6) Number of drivers who are laborers and un-
or officials and their (per cent skilled workers and their (per cent of
of total drivers) total drivers)
(4) Number of drivers who are clerical, (7) Number of drivers who are of miscellaneous
sales, or kindred workers and their occupations and their (per cent of total
(per cent of total drivers) drivers)
(8) Number of drivers who are of the professions and
semi-professions and their (per cent of total drivers)
B. DESCRIPTIONS OF THE VARIABLES CORRELATED
WITH PASSENGER AND VEHICULAR TRIPS
REPORTED IN THE CHAMPAIGN-URBANA O-D
SURVEY
(Numbers correspond to items
in Table 10 and Appendix D)
(1) Scale Value of Occupations
The construction of scale types
involved taking the proportion of drivers in
each of four occupations reported for all
zones. These occupational categories were
used: (a) professional and semi-professional,
(b) proprietors, managers, and officials,
(c) clerical, sales, and kindred workers,
(d) craftsmen, foremen, skilled laborers, etc.
Thus the range of occupations in the zones is
from manual labor to professional occupations.
Each zone was ranked above or below the median
for each of the occupational categories.
(2) Median Sex-Race
This variable was based on the sex
and race of driver arranged in the combinations
of white male, white female, negro male, negro
female. The zone medians, with the exception
of one, were either white male or white female.
(3) and (4) Purpose From and To Home
This variable included purposes
(other than home) of jork,()) buiness,(2)
medical and dental, (3 school,(4) social
recreation, (5) change travel mode,( 6 ) eat
meal,(7) shopping. In both purpose from
and to home, the zone medians were either work,
business, or social recreation (for drivers).
For more than one in car, the zone medians were
1,2,3,4,5,8 from home and 1,2,3,4,5,7,8 to
home.
(5) Time of Trip -- Morning Median from Home
For this variable, the zone medians
for drivers ranged from 7:00 to 10:00 in the
morning (from a possible range of 1:00 a.m. to
1:00 p.m.). For more than one in car, the
range was 7:00 to 11:00 in the morning.
(6) Time of Trip -- Afternoon Median from Home
For this variable, the zone medians
for drivers ranged from 14 to 19, which means
from 2:00 p.m. to 7:00 p.m. (from a possible
range of 1:00 p.m. to 1:00 a.m.). For more
than one in car, the range was from 13 to 19
in the afternoon.
(7) Time of Trip -- Morning Median to Home
For this variable the zone medians
ranged from 8:00 a.m. to 12:00 noon (with the
same possible range as (5)).
(8) Time of Trip -- Afternoon Median to Home
For this variable the zone medians
ranged from 15 to 20, which means from 3:00
p.m. to 8:00 p.m. (with the same possible
range as (6)). For more than one in car, the
range was 13 to 20 in the afternoon.
(9) Median Number of Persons in Car
The zone medians were all 2, with
the exception of zone 312, which was 3.
(10) Median Age of Auto-Drivers
The range of zone medians for this
variable was from 25 years of age to 55 years
of age for drivers. For more than one in car,
the range was 25 to 60 years of age.
(11) Distance from CBD
For this variable, the range for the
zones studied was from 00 (the central business
district) to 36. Each figure is .10 of a mile
from the nearest CBD.
(12) Socio-Economic Type
The possible, socio-economic types
were highest (1), very high (2), above
average (3), average (4), below average (5),
low (6), and very low (7). These classifi-
cations were made in terms of such factors as
type of residence, general appearance of
residence and property, etc. The actual range
in the zones studied was from 2 to 7, or from
very low to very high.
(13) Average Number of Cars per Household
The range of zone averages for this
variable was from .36 to 1.42.
(14) Average Length of Residence
The range of zone averages for this
variable was from 2.50 (6 to 12 months) to
5.18 (11 to 15 years).
(15) Average Number of Persons per Household
For this variable, the zone aver-
ages had a range of 1.80 to 4.00, or roughly
from two to four persons.
(16) Average Number of Persons Making Trips
(Passenger Trips Included)
For this variable the range of zone
averages was from .32 to 2.71.
(17) Median Year of Car Models
In this variable 1958 models were
indicated by 1, 1957 by 2, 1956 by 3, etc.
The range of zone medians was from 2 to 10, or
from 1957 models to 1949 models.
(18) Average Make of Cars
Included in this variable were low
priced cars (1), medium priced cars (2), and
high priced cars (3). The range of zone
averages was from 1.13 to 1.86, or roughly,
from low priced to medium priced cars.
(19) Average Value of Structure
This variable is the average of the
estimated monetary value of building struc-
tures (in thousands of dollars) in each zone.
The range of averages for the zones studied
was from 4.14 to 48.00.
(20) Percentage of Potential Trip-Makers
Making Trips (Includes Passenger Trips)
The range of percentages for this
variable was from 15 per cent to 70 per cent.
(21) Average Number of Trips per Person Making
Trips (Passenger Trips Included)
In the zones studied, the range of
averages for this variable was from 2.08 to
4.00, or from approximately 2 to 4 trips per
person making trips.
(22) Median Number of Trips (Passenger Trips
Included)
The range of zone medians for this
variable was from 0 to 9.
(24) Number of Vehicular Trips per
Developed Acre
In the zones studied, the range for
this variable was from .10 to 3.08.
(25) Number of Developed Acres per Household
In the zones studied, the range for
this variable was from 1.75 to 30.42.
(28) Homogeneity Factor in Terms of Car Type
and Age
The range of this variable in the
zones studied was from 5 to 1, that is, from
zones with less than 29.6 per cent new cars
and more than 53.8 per cent low priced cars
to zones with more than 31.62 per cent new
cars and more than 8.3 per cent high priced,
less than 37.8 per cent medium priced, and
less than 53.8 per cent low priced cars.
(29) Homogeneity Factor in Terms of Real
Estate Values
From real estate values, a coef-
ficient of variability was computed. There
was a range from I to 5 in the zones studied.
1 = low variability ($10-24,000); 2 = rather
high variability ($25-49,000); 3 = average
variability ($50-64,000); 4 = rather high
variability ($65-89,000); 5 = high vari-
ability ($90-144,000).
C. SCALES FOR THE SURVEY ZONES
1. The Construction of Scales to Measure
Levels of Industry, Occupation, and
Heterogeneity of Survey Zones
Certain of the information secured
in the course of the survey had to be con-
verted to numerical values in order for it to
be used in the various statistical analyses
involving correlation. Examples of such
information were the data on occupations and
industrial employment of members of households..
This data, secured through the household
interview, provided crucial estimations of
the socio-economic level of the survey zones
in which the households were located. These
findings, however, had to be translated into
some numerical form. This translation was
achieved by the method of "scaling" survey
results. The same method was also used to
define the degree of heterogeneity of each
survey in respect to various measures of
socio-economic level of the zones.
The methods used in these pro-
cedures were the standard techniques of scal-
ing used by sociologists, either cumulative
or Guttman-type scales. (16 ) The actual
scales for occupation as developed are very
similar to a number of scales which have been
standard with social scientists for many
years.(17)
The procedure for each scale was to
convert the categories of households into
proportions per each survey zone, and then to
give a numberical value to each survey zone
in terms of the pattern of proportions. The
unit of scaling, therefore, was the survey
zone. The phases of this operation and the
nature of the data are shown by the sequence
of tables at the end of this chapter.
2. Scales for Socio-Economic Level of
Survey Zones
The socio-economic level or type of
survey zone was a crucial measure in the
study, since the main hypothesis of the in-
vestigation called for demonstrating the
relation between this variable and rates of
traffic generation by zone. Several measures
of socio-economic level were used: (1) oc-
cupation, (2) average value of residence and
age and make of vehicle, and (3) an estimate
for each survey zone for its relative socio-
economic level as represented by the resi-
dential desirability of the neighborhoods
making up the zone. The latter measure ap-
peared to give very consistant results. This
estimate was made by staff members of the
project who calculated the residential de-
sirability of street blocks in each of the
zones, totaled the estimates, and averaged
the results to give the social-economic type
of the zone.
A number of criteria entered into
calculation, the most important of which was
the size, age, and condition of the residence
as calculated by the specifications noted
below. Other criteria included the proportion
of the area which was devoted to residential
use; contiguity to amenities, i.e., parks;
the condition of facilities, i.e., streets and
alleys; and presence or absence of negative
factors, i.e., industrial plants giving off
smoke, fumes, noise, etc. The general
assumption of this measure was that the
greater the residential desirability of a
survey zone, the higher its socio-economic
type. Seven levels or types were established
as the possible range by this measure of the
survey zone. The specifications for each of
these categories are as follows:
SPECIFICATIONS OF SURVEY ZONES AS TYPES OF SOCIO-ECONOMIC AREAS
Description
1. Highest
2. Very high
3. Above average
4. Average
5. Below average
6. Low
7. Very low
Contain many homes of Category I Dwelling types. Physical
facilities such as streets, lighting, etc., in good repair.
Streets clean, landscaping, and general attractiveness of
surroundings. Either low residential density or expensive
apartment houses. Only one such area normally in smaller
cities and towns.
Similar to Category I. Fewer pretentious homes, somewhat
higher residential density, probably less variation in the
residential styles.
Well-kept homes and surroundings. Smaller lots than Categories
I and II, few pretentious homes, but dwellings well-built with
considerably similarity in style. Majority of residences from
Dwelling Type Categories II and III.
Category IV dwellings dominate. Increased residential
density. Many residences will appear to have been built at
approximately the same date. Conversions to apartments are
possible, but are generally limited by the house size. General
impression of residential stability.
Area is undesirable to a degree because of location. May be
adjacent to industrial area, railroads, or larger business
districts. Dwellings in Categories V through VII, but area
shows little care of either dwellings or physical facilities.
Large number of conversions to apartments or commercial uses.
Evidence of residential mobility.
Run-down areas, inadequate care of residences and facilities.
Streets may not be paved, lots fill with debris. Impression of
overcrowding of dwellings in Categories VI through VIII.
Dwellings in Categories VII-VIII. Real slum condition.
Located near factories, dump-heaps, gas tanks, etc. Generally
characterized by other forms of land use in addition to
residence.
Category
SPECIFICATIONS OF RESIDENCES AS CRITERIA OF SOCIO-ECONOMIC LEVEL OCCUPATIONS
(Specifications of residences and dwelling types are modificat ios of pro-
cedures described by W. L. Warner, Social Class in America.) ms
Specifications of Dwelling Types
Category Description
1. Excellent Large houses, eight rooms or more, single-family
good repair, surrounded by large lawn or yard in
care and landscaping.
dwellings in
state of good
2. Very good
3. Good houses
4. Average houses
5. Fair houses
6. Below average
7. Poor houses
8. Very poor
houses
Category I houses in state of medium repair with surroundings
in state of medium to good care. Medium-sized houses, seven
or eight rooms but smaller in total size than Category I, but
in same state of repair and care as Category I. Large apart-
ments, six rooms or more in regular apartment houses in good
repair.
Category I houses and Category II houses in a state of poor to
fair repair and poor to fair care of grounds. House lot size
smaller than Category I and II. Category II apartments in
regular apartment houses in fair repair.
One and one-half story to two-story wood or brick in good
repair. Lawns well-kept. Four to six rooms average size.
Four- and five-room apartments in regular apartment houses
good state of repair.
Category IV houses in medium repair and care. Three-room
houses in good repair. One and one-half- to three-room apart-
ments in regular apartment houses in good repair. Four- to
five-room apartments in regular apartment houses in medium
repair.
Any Category III, IV, V houses in poor repair, run-down, but
could be repaired. Three- to five-room apartments in con-
verted dwellings, or two-room apartments in converted dwellings
which are in a state of excellent repair.
Two-room houses in good repair, larger houses badly deter-
iorated, one- and two-room apartments in converted dwellings
in poor repair.
One-room houses, buildings not originally intended as dwellings,
shacks, and any buildings unsafe and unhealthy or not repair-
able to minimum standards of occupancy. Such dwellings may have
no yards, premises littered with junk and refuse, in many cases
are overcrowded.
D. ROTATED FACTOR LOADINGS FROM FACTOR
ANALYSIS OF HOUSEHOLD TRAITS ASSOCIATED
WITH TRAFFIC GENERATION
The study focused on the relation
of attributes of households, averaged by
survey zones, to measures of traffic generation
also expressed as indices of survey zones.
Since the study was an exploration of this
relation, a number of measures were intro-
duced simply to ascertain their degree of as-
sociation with the generation of traffic.
Factor analysis is an ideal technique for an
efficient exploration of possible relation-
ships between items. In this case two factor
analyses revealed several patterns of assoc-
iation between household traits and measures
of traffic production. On the basis of these
analyses it was possible to develop corre-
lations of multiple regression which suggested
household traits which would serve as the best
predictors of traffic generation.
The findings of the factor analyses
have been summarized in the body of the report
in Tables 12 and 13. The loadings for all
items on the whole set of factors are shown in
Tables Dl and D2. The description of each
of the twenty-eight household traits which
were introduced into the study is also given
in terms of the derivation of the data, when
they were not based on the household survey,
and of the range in measures of the items.
Table Cl
FREQUENCY DISTRIBUTIONS BY PERCENTAGES OF OCCUPATIONS WITHIN ZONES
(The per cent is determined from the ratio of (1) the number of
drivers who belong to the designated occupational category to (2)
the total number of persons in the zone who drive automobiles
without other passengers.)
Per Cent (A) (B)
0 12 7
1- 5 9 5
6-10 9 6
11-15 8 11
16-20 4 9
21-25 2 5
26-30 - 1
I-I; - -
36-40 - - -
41-45 - - 3 -
46-50 - - - 2
51 and above - - 1 1 3 -
TOTAL 44 44 44 44 44 44
(A) Managers and officials
(B) Clerical, sales, and kindred workers
(C) Craftsmen, foremen, and skilled workers
(D) Laborers and unskilled workers
(E) Miscellaneous occupations
(F) Professions and semi-professions
Table C2
OCCUPATIONAL CLASSIFICATION REPORTED FOR DRIVERS, TRIP FROM HOUSE
Source: Household Interview
Occupational Rating Number of Persons
0 - Professional and Semi-professional
1 - Proprietors, Managers, and Officials
2 - Clerical, Sales, and Kindred Workers
3 - Craftsmen, Foremen, Skilled Laborers
4 - Farmers and Farm Managers
5 - Protective Service Workers
6 - Operatives and Semi-Skilled Workers
7 - Service Workers (except domestic and
protect ive)
8 - Laborers and Unskilled Workers
9 - Miscellaneous
Total number of persons = 2,297
498
202
313
284
5
57
93
91
154
600
Table C3
DISTRIBUTION OF OCCUPATIONS OF DRIVERS BY SURVEY ZONE
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
2 100
2 2
6 4
0 0
2 1
3 3
0 0
4 8
4 33
5 8
1 1
2 2
10 14
1 11
3 3
1 13
3 8
5 8
4 7
3 9
1 8
4 11
3 7
8 17
18 27
0 0
0 0
0 0
3 3
1 8
1 1
12 9
6 5
1 1
1 9
2 22
1 9
0 0
5 14
2 40
4 12
1 3
10 21
9 16
0 0
23 26
38 28
3 43
28 20
25 21
15 29
6 11
5 42
10 16
14 18
32 25
12 17
4 44
28 25
0 0
2 5
10 16
9 16
6 18
0 0
8 22
10 24
1 2
1 2
1 8
1 17
5 24
27 24
5 38
46 47
11 8
40 33
31 42
1 9
0 0
1 9
1 50
9 26
0 0
6 18
5 17
6 13
12 22
(1) Zone number
(2) Total number of drivers of cars without
passengers
(3) Number of drivers who are managers or
officials
(4) Per cent of total drivers who are managers
or officials
(5) Number of drivers who are clerical, sales,
or kindred workers
(6) Per cent of total drivers who are clerical,
sales, or kindred workers
(7) Number of drivers who are craftsmen,
foremen, and skilled workers
(8) Per cent of total drivers who are crafts-
men, foremen, and skilled workers
(9) Number of drivers who are laborers and
unskilled workers
(10) Per cent of total drivers who are laborers
and unskilled workers
(11) Number of drivers who are of miscellaneous
occupat ions
(12) Per cent of total drivers who are of
miscellaneous occupations
(13) Number of drivers who are of the professions
and semi-professions
(14) Per cent of total drivers who are of the
professions and semi-professions
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Table C5
SCALE VALUES AND OTHER SOCIAL CHARACTERISTICS OF SURVEY ZONES
(1) (2) (3) (4) (5) (6) (7) (8) (9)
4.09356
4.24016
4.29402
4.15666
4.17177
3.99624
4.07645
4.00980
4.18517
4.16933
3.91515
4.03410
4.00505
3.73758
3.77582
3.88396
4.04689
3.78587
3.86443
4.14243
4.04102
3.89091
3.61928
4.07772
4.06776
4.10000
4.10093
3.93958
3.95827
4.39774
3.99132
3.98630
3.98129
3.89570
3.95667
3.99509
3.78644
4.00629
0.30103
0.69897
0.95424
0.54427
0.95424
0.69897
0.77815
0.95424
0.60206
0.60206
0.84510
0.84510
0.69897
0.84510
0.60206
0.77815
0.69897
0.84510
0.77815
0.77815
0.60206
0.60206
0.54407
0.60206
0.30103
0.30103
0.60206
0.60206
0.77815
0.77815
0.84510
0.90309
0.77815
0.60206
0.77815
0.77815
0.60206
0.69897
0.60206
0.77815
0.40
1.07
1.12
0.75
1.38
1.27
1.22
1.07
0.87
1.01
1.23
1.09
1.07
1.13
0.83
1.07
1.08
1.06
1.00
1.09
0.86
0.87
0.60
0.62
0.79
0.36
0.68
0.96
0.58
1.05
1.12
1.09
1.35
1.20
0.57
1.03
1.42
0.90
1.07
0.76
0.96
Zone number
Industry weight (1: professions,
6: manufacturing)
Occupation weight (1: professions,
6: laborers and unskilled)
Log of zone average of individual
house values
Weight of zone average of individual
house values (1: low, 6: high)
Median number of passenger trips per
household
Log of median number of passenger
trips per household
Average number of cars per household
Socio-economic type
Table Dl
ROTATED ORTHOGONAL FACTOR LOADINGS ON TWENTY-EIGHT VARIABLES ASSOCIATED WITH
VEHICULAR TRIPS CONTAINING ONLY DRIVER IN THE CAR
SOLUTION WITH FIXED COMMUNALITIES
-.307
-.443
-. 658
-. 722
-. 355
+.158
-.295
-.408
+.633
-. 171
-.059
+.332
+.685
+.358
+.455
+.143
+.333
-.368
+.414
-.213
+.378
+.399
+.351
+.174
+.140
+.449
-.155
+.211
+.253
-. 281
-.274
-.219
-. 164
-. 135
+.203
-.509
+.185
+.578
-. 128
+.291
-.262
+.237
+.317
-.208
-.170
+.230
+.130
-.438
+.179
-.370
-. 433
+.263
-.211
-.294
-.398
-.465
+.335
+.245
+.261
+.275
+.391
-.206
-. 335
-.285
-.241
+.263
+.370
+.313
+.198
+.534
+.404
+.323
-.396
-.494
+.104
-. 183
+.167
-.136
-.195
+.213
+.252
-.171
+.420
-.119
-.145
+.246
-.330
-.288
-.405
+.326
-. 136
+.185
-. 339
+.332
+.138
+.023
-.237
+.389
+.065
+.348
-.411
-.288
-.309
+.297
+.214
+.302
+.049
+.205
-. 192
+.227
+.405
-.201
-.068
+.322
-. 197
-.219
-. 168
-. 539
+.212
-.403
+.103
-.054
+.130
-. 133
-.071
+.202
-.046
+.242
+.239
+.212
-.290
-.247
-.084
+.149
+.182
-.319
+.476
+.117
+.216
-.288
+.264
+.200
-.066
-.192
-.432
-.250
-.103
-.112
-.122
+.070
+.160
-.134
-.279
-.180
-.068
-.294
+.390
-.282
+.128
+.345
-.023
+.188
-.319
+.155
+.101
+.112
-.146
-.142
-- CENTROID
+.284
+.167
+.277
+.225
-.265
-.228
+.309
+.181
+.225
-.073
+.109
-.106
+.109
+.038
+.026
+.296
+.157
-.214
+.074
+.084
+.075
+.193
-.194
+.362
-.157
+.155
-. 085
+.330
+.144
+.241
-.043
-. 111
+.177
+.187
-.347
+.143
+.172
+.160
+.142
-. 163
+.169
+.064
+.153
-.231
+.109
+.078
+.121
-.324
+.096
+.074
+.069
-.411
-. 170
+.060
-.192
-.153
Scale value of occupations
Median sex-race
Purpose from home
Purpose to home
5 Time of trip -- morning median from home
6 Time of trip -- afternoon median from
home
Time of trip -- morning median to home
Time of trip -- afternoon median to home
Median age of auto-drivers
Distance from CBD
Socio-economic type
Average number of cars per household
Average length of residence
Average number of persons per household
Average number of persons making trips
(passenger trips included)
Median year of car models
Average make of cars
Average value of structure
19 Percentage of potential trip-makers
making trips (passenger trips
included)
20 Average number of trips per person
making trips (passenger trips
included)
21 Median number of trips (passenger
trips included)
22 Average number of trips per car
(vehicular traffic)
23 Number of vehicular trips per
developed acre
24 Number of developed acres per house-
hold
25 Average number of trips per car,
two-car households
26 Average number of trips per car,
one-car households
27 Homogeneity factor in terms of car
type and age
28 Homogeneity factor in terms of real
estate values
-.612
-. 263
+.097
+.108
+.143
-.262
+.334
+.156
-.242
+.440
-.710
+.749
-.317
+.420
+.681
-.484
+.237
-.293
+.649
+.416
+.784
+.655
+.588
-.362
+.609
+.684
-.410
-.316
+.058
-.148
-. 176
-.154
-.221
-.118
+.240
+.241
-.122
-.237
+.231
-. 038
+.108
-.043
+.100
-.161
-.154
-.286
+.179
-.083
+.039
-.097
+.146
-.290
-. 065
-. 078
+.135
-.091
Table D2
ROTATED ORTHOGONAL FACTOR LOADINGS ON TWENTY-NINE VARIABLES ASSOCIATED WITH
VEHICULAR TRIPS CONTAINING DRIVER AND ONE OR MORE PASSENGERS IN CAR
SOLUTION WITH FIXED COMMUNALITIES
-. 583
-. 383
-. 087
+.075
-. 342
+.431
-. 351
+.531
-.195
-.230
+.442
-.628
+.789
-.158
+.490
+.764
-. 479
+.242
-. 452
+.723
+.398
+.852
+.735
+.621
-.350
+.610
+.770
-.405
-.301
-.094
+.302
-.269
-.589
-.509
+.280
+.275
+.297
+.301
+.137
-.343
+.258
+.100
+.690
+.347
+.281
+.443
+.288
-.480
+.206
-.168
+.175
+.362
+.275
+.240
+.224
+.330
+.224
+.371
+.279
+.482
+.210
-. 103
-.159
+.203
+.187
-.107
-.567
-.355
+.478
+.266
+.227
-.275
+.536
+.200
+.416
-.54o
-.365
-.238
+.144
+.140
-.076
-.371
+.460
+.151
-. 159
+.430
-.319
+.383
-.298
-.245
-.164
+.122
-.204
-.253
+.329
+.314
-.148
+.254
+.136
+.272
+.229
+.229
+.438
-.235
-.181
-.167
+.385
-.538
+.180
-.375
-.365
+.171
-.313
-.302
-.333
-. 192
-.394
-.081
+.491
+.224
+.354
+.322
+.163
+.161
+.301
-.246
+.150
-.299
+.218
+.196
+.171
+.117
+.209
-.314
+.167
-.047
-.207
+.078
-.049
+.134
+.225
-.224
+.051
-.154
+.299
-. 057
+.184
-.372
-.429
+.126
-.364
+.339
-.268
+.110
+.335
+.235
-.192
-.095
-.261
+.204
+.083
+.081
+.349
+.355
-.127
-.208
+.149
+.196
-.123
+.118
-.120
+.169
-.335
-.406
+.132
-.153
-.247
-.328
+.100
+.342
+.220
+.262
+.097
-.324
-. 181
-.070
-. 147
-. 133
-.332
-.216
+.060
+.103
-.215
+.075
+.460
-.061
+.147
-.235
+.379
-.266
+.097
-.199
+.260
+.195
-.227
+.474
+.226
-.342
-.161
+.094
-.122
+.099
+.357
+.230
-.205
+.197
-.175
-.129
+.059
-.115
+.255
+.047
+.253
+.192
+.183
+.031
-.185
+.422
-. 066
+.058
-. 122
+.163
-- CENTROID
+.166
-.225
-.113
+.222
+.139
+.082
-.386
-.229
-.205
+.339
+.089
+.236
-.102
+.141
+.142
+.046
+.254
-.204
-.255
-.066
+.185
+.141
+.257
+.028
+.054
-.405
+.248
+.269
+.138
-.174
-.076
-.100
-.200
+.299
+.232
+.219
-.243
-.280
+.138
-.208
-.264
+.129
+.127
-. 104
+.038
-.049
-.148
+.065
+.147
+.248
+.097
-.077
+.152
+.085
-.063
-.070
-.082
-.260
1 Scale value of occupations
Median sex-race
Purpose from home
Purpose to home
5 Time of trip -- morning median from home
6 Time of trip -- afternoon median from
home
Time of trip -- morning median to home
Time of trip -- afternoon median to home
Median age of auto-drivers
Median number of persons in car
Distance from CBD
Socio-economic type
Average number of cars per household
Average length of residence
Average number of persons per household
Average number of persons making trips
(passenger trips included)
Median year of car models
Average make of cars
19 Average value of structure
20 Percentage of potential trip-makers
making trips (passenger trips
included)
21 Average number of trips per person
making trips (passenger trips
included)
22 Median number of trips (passenger trips
included)
23 Average number of trips per car
(vehicular traffic)
24 Number of vehicular trips per
developed acre
25 Number of developed acres per house-
hold
26 Average number of trips per car, two-
car households
27 Average number of trips per car, one-
car households
28 Homogeneity factor in terms of car type
and age
29 Homogeneity factor in terms of real
estate values
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